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(57) Abstract

The present invention concerns an enzymatic oxidative deamination process of a dipeptide monomer to prepare an intermediate useful
to prepare compounds having endopeptidase and angiotensin converting enzyme inhibition activity.
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P[err]

can be prepared by coupling (S)-2-am no-6, 6-di met hoxyhexanoi c
ester with the N-protected amno acid [err] 5 wherein

is a rotecting group and P2 is a sul fur protec& Q58 to
gi ve the di 9&’%@@9‘9 %f‘/ﬂg ﬂ%

e of the formula [err] 10 Renoval

protecting group, foll oBENZYNATIC OXIDATIYVEDEAMINARONPROCESSNd T enoval
of the P[err] protecting group gives [4S-(4[err], 7[err],

10ap) ] - oct ahydr o- 4- am no- 5- oxo- 7H pyrido[ 2, 1

-b][1, 3] thi azepi ne-7-carboxylic acid, nethyl ester. Robl ester.
di scl oses preparin

such as (SI)O 2pa ng- (ﬁél %%ﬁﬁﬁﬁ%&@%#lhﬂ?ﬁ@ﬁ%?ﬁ %%Egt%‘rpr%alf’éf)
converting N p$6['€'c'N@d6Q/DP§r9r5]6 Flegr Ssmtanibies & 118681 whichds innarporated berein

oxi di zi ng bprﬁef&fd@@ﬂ@%ﬂtﬁ@ty@' dehyde such as of the formula [err]
then reacting wwth trinmethyl orthoformate in the presence of a strong acid
20 catalyst, and renoving the P3 protecting group.
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Field of invention
The present invention concerns an enzymatic oxidative deamination
process to prepare an intermediate useful to prepare compounds having
endopeptidase and angiotensin converting enzyme inhibition activity.

Background of the Invention
Robl in U.S. Patent No. 5,508,272 discloses compounds of the

formula
X
(CHan \hY
N

(CHa)m

A—T o COOR,

wherein A is R,-S-(CH Qr-C<:- as possessing neutral endopeptidase and
R R

angiotensin converting enzyme inhibition activity. Among these compounds
is [4S-[4a(R*), 7a, 10ap]]-octahydro-4-[(2-mercapto-1-oxo-3-
phenylpropyl)amino}-5-oxo-7H-pyrido[2,1-b][1 ,3Jthiazepine-7-carboxylic acid
which is currently undergoing clinical evaluation. This compound is reported
herein as (1).

Robl discloses that the amino lactam portion of (1), i.e., the
intermediate



-2 - Summary of the Invention
The present i nvention provides an enzymatic process for the '
preparati on W 0¥H265hove- descri bed internediate, -i. e., the pP@T@&Q%a%!m no

| actam portion of (1). 5 More specifically, the present

I nvention is directed to/a proxess)for preparing an am no | actam
conpound of the formula N S [err] conpri si ng
contacting a dipeptide no he formula Il 10 [err]

wherein Plerr] is an ap otedting group, and Rerr]is H alkyl or of
the fornula [erFEF Fﬂ W@ROCH R2,is alkyl, 15 with an

am not ransf erase enzyne in tcﬁe presence of [err]- ket ogl ut arat e under
condi tions sui tedmn befpreparednizy cmp!m’g (Shr2-aminoet,Bedinfethaxyinekandic atitemethyl

I medi ately pr e%%tgth%gcl@ﬁot% ey aﬁ'ﬁmbeé red to herein as the "oxidative

deam nati on" n an a ternate enbodi nent, the

oxi dative deam nation proc: EZ| s 20 performed in the presence of a

gl ut amat e oxi dase enzyne functions to recycl e glutamate forned
during the process back to 2|a ket oglutarate. _ The present

I nvention is also direct ocess for prepartng a di pepti de
nononmer starting conpo m‘g‘?gﬁ’?ﬂwif}or mula |11 .
5 wherein P4 is an amino protecting group and P2 is a sulfur protecting group to
give the dlpeptld_e of the formula

s.p, HC(OCHy),

(sz)z (CHp)s
P,-N-CH-C i l}l Cl,H -COOCH,
OH

10 Removal of the P, protecting group, followed by acid catalyzed cyclization,
and removal of the P, protecting group gives [4S-(4a, 7a, 10ap)j-octahydro-4-
amino-5-oxo-7H-pyrido[2,1-b][1,3]thiazepine-7-carboxylic acid, methy! ester.

Robl discloses preparing (S)-2-amino-6,6-dialkoxyhexanoic acid,
alkyl ester, such as (8)-2-amino-8,6-dimethoxyhexanoic acid, methyl ester,

15 by converting N-protected L—s—hydroxynorleucinfe to its methyl ester, oxidizing
to a corresponding aldehyde, such as of the formula

HC=0

(?Hz)s

P3-N-CH-COOCH4
then reacting with trimethyl orthoformate in the'_presence of a strong acid
20 catalyst, and removing the P; protecting group.




[err] : . -3 - conpri sing
contacti ng awdideAkigsde di mer conpound of the fornmula IV ]
wherein Plerr] is as defined above, 5 wth a reduci-ng agentpﬁlr‘l/glse?gh%& .
conditions suitable for formati on Gummanygofitbedagvention of forrmula I11. The

i mredi atel y precedi ng prRé prssen® invenBBA Proddes nHrizgRidtidbrocess fof e Ter
bresent | nvent | dACRPEIRAIDR ADoK A-d8RGH et BterRIsGHatecte- the protecsad AMINAg
reconbi nant nupll_gbtan@pbdiqw@fa(nb,_e of expressing an 10 am not_ransfer ase
From Spi ngondnas sp. artioi spertcaly; BRERESTipVfen is direct81E'8 pradSkgToP
present inventi grephing@amnaminedactam nompbund ob thanttsmuda | formulas 11,

11 and 1V. 15 S Brief Description of the Draw ng

Figure 1: DNA sequence (SEQ ID. NO 1)} encpding the preferred am no
transferase of the inventiqn frem Spi ngi nonas pauci nobilis ATCC 202027

and the am no acid sequence QND.NO. :2) of the preferred am no
transferase of the invepfHNn. ¥y co.H

comprising contacting a dipeptide monomer of the formula Il

10
O  CO.H

P4HN,, " X
H? 11
S
R, NH,

wherein P, is an amino protecting group, and R'is H, alky! or of the formula
O

Il . ]
—C—R?, wherein R? is alkyl,

15 with an aminotransferase enzyme in the presence of a-ketoglutarate under
conditions suitable for formation of the compound of formula . The
immediately preceding process will be referred to herein as the “oxidative
deamination” process.

In an alternate embodiment, the oxidative deamination process is

20 performed in the presence of a glutamate oxidase enzyme which functions to
recycle glutamate formed during the process back to alpha-ketoglutarate.

The present invention is also directed to a process for preparing a
dipeptide monomer starting compound of the formula i

O COH
P4HN, A

Iz

I

s
25 ~H NH,



20 _ Det ai |l ed Description of the Invention

In the above fornulas the am no protecting group, Plerr], is a group

such as benzVPc?%’ézéFbonyl, phenoxyacetyl, phenyl -acetyl, PCT/US99/19964
phenyl met hoxycar bonyl, t-butyl oxycarbonyl or the like; or a group which 25
together with the NNatomforns a protecting group such as phthalimdo. The
nmost preferred F‘[QSFP‘]'S'QQGGthG&'nShgﬁg?%fjﬁéﬁ'y‘éé%‘%ﬁ?w‘iﬁfH’Wf%mﬁlﬂ”ﬂé{i mes
referred to herein as "Cbz." @  COH- “After formation of the compound
of formula I, said conpg ), C bex deprotected by techniques wel |
known in the art to afford tfie aﬁove described

-4- internediate,) i.e., the amno |lactam portion of (1). For
exanpl e, when Plerr] is “ - pheny t hoxycarbonyl, treatnment with

i odotrinethylsilane or t- 3 but pxycar bonyl treatnent with a strong acid
such as hydrochl oric aci décan HeN NHepl oyed; when Plerr] is
phenoxyacetyl or phenylacgtyl, the|ldeprotd¥tion can be 5 done

enzymatical ly using Penicivin G atyl ase or Penicillin v acylase, and the
i ke. Al though ityis possible to performthe reduction
process, isolate the ound the formula 11, and subsequently
performthe oxidative P1HN dedfr ion process, it is preferred to perform
both steps in the same 10 redqgtiveojrdi um wherein all conponents necessary
to produce the cofgpounddoff t formula | starting with conpound of the
formula IV are WherefiBeiggs defin V€:'situation, the reduction process and
oxi dati ve de&m mneth ameducing pgenkesisderasondiionseauitdblesfop formatibnaf $hengbmpound

. h " Qb Al K i 0 .alo0e.
e o part of andfiemya W TnbHFRedeeX) pretbind ool 7 Bleptild e BisoRi

preferabl y unsutigenameewill be referred 40 frreinng the dredhstior’ripaessit ur at ed

hydrocarbon groups, pr efisslab¥ntiaVemibn also c@an&@rn%oé'rpéﬁ@ﬁéérédrhdé?%eﬂor mel
chai n. Exenpl ary unsubsit ut ed, i ncl ude” net h%'{I et hyl ,

g such gr oups

oropyl . 1 Sopr opFPMEDIRGIeEOMpiang DLclelc 38 gapable st axpressingdn |
inzgh:axylzb hggi y:axwgﬂo#adsméyénzmt % aclidjﬁtbr)’Jtheiihvai‘ltioﬁ-cbhbéﬁisfb’hmt yl, _
Conronr iate  aniBfireRfelastiron Srifbshands SHoAndBYcRR dif BhadthE satle, (o
present invention. Theavesgntinyentifssalse goncernsfthe novell dormpamdspofl ncl ude -

one or nore, pr?‘%‘ﬁﬁ Il and [yhree or fewer, chloro groups, brono groups,
or iodo groups. elﬂg%{lyr a groups of R err]Jand Rl err] are preferably

unsubstituted | ower al kyl and nost 25 preferably mnethyl. -
The term "Il pger al kyl" as used Pmﬁéfimegmﬁpﬁ@ﬁoﬂmmgwmg)s having 1 to

gr g?;g? ni ﬁbgﬁi Eigure 1: DNA sequeg@ee (%ﬂBﬁf(l@?ﬂeei{c%%ﬁwget%ypqgfe%%l e%ﬁ% in the
transferase of the invention from Spingimonas paucimobilis ATCC 202027
and the amino acid sequence (SEQ.ID.NO.:2) of the preferred amino
transferase of the invention.

20
Detailed Description of the Invention
{n the above formulas the amino protecting group, P,, is a group
such as benzyloxycarbonyl, phenoxyacetyl, phenyl acetyl,
phenylmethoxycarbonyl, t-butyloxycarbonyi or the like; or a group which
25 together with the N-atom forms a protecting group such as phthalimido. The
most preferred P, group is phenylmethoxycarbonyl which is sometimes
referred to herein as “Cbz.”
After formation of the compound of formula |, said compound can be
deprotected by techniques well known in the art to afford the above described
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may be any am notransferase enzyme capabl e of catal yzing the conversion of

30 Conpoun lan) Compound |. Optionally, a glutamate oxid may
be enpl oyeddvv‘\lkkl)iog)ﬁmggn be any gl utamate oxi dase enzyne capabl e?@fmggﬁ%g&

converting gl ut dnermetiata) iphathecaming lactanapertiodinafy(ftit For exampte, evhar P, is
i al h i ; .
material s as t gah%?w'y'frﬁgtg%%y éfbﬁﬁgl %atrﬂ&nﬁﬂ@i @tﬁheﬁ%sﬂtgﬁ% or t-

am not r ansf er as or tamat e oxl ma l'oyed in the

free state or i rhuidxydareenydsreabment with sostrongiaeid stichyasgesoehipriaBsisk ¢gan be
or entrapnent. employed; when P, bhRbRyRBBY BB phehPaBeil, IRE debratetidbr cah be
purity, are those enzynes efsrr,e ,t& as am nolgran?lferase enzgng and
gl ut amat e Oxﬁda@m&y‘g@atlcally using Penicillin G acylase or Penicillin v acylase, and the ¢
- 1 likee enzynmes enpl oyed may, for exanple, be an enzyne
i solated froma LG oorgani sm such as by honogeni.zi ng cel | .
suspensi ons, followed B%}ﬁwoughgi?m %qqﬁsﬁi%F%PFHHYmé@%{%quyagtq(}%?‘ss,.|solate the
DEAE- cel | ul ose aunopaundhotibleyforrautadt| and subsequerntlysierfdrmettie axidativen,
o pol yrar ot alepindfon brocdsR! | prEehre 1y BRrBiin botn BRAYHA e sahREe! ' e
chr omat ogr afifly, raadtivanmedmmebmlbemnggmqﬁﬁw@eésawo producevth®o- Q (ani on
exchanger whi ch é?inﬁk?b%Hslig%le\’fswméhas&gﬁiﬂg%ﬂ{%rﬂ%hﬁé of the forfiui® M0 Bre

g

uat ernary ani ne grou chromat ogr a ) ) | terpatively, .the
st 1t doam Eroit dPSUEDS iAteas e fesiuction pracess ans OYgnive g eemriations
ahsour ce of tpe pﬁ'ﬁéé’éﬁaééﬁ be\Widwed as peet oftdsingie proeess. m croor gani sms,
t he process of the presgnt,.inwv O ATRY r
Sui tgbl e mcrobiral mate %‘egﬂ‘cggé)tlﬂ% %ﬁ( égf‘hﬁ%@‘z‘ﬁ‘%{gﬂkﬁ&%é’&aﬁe%ggh%a?“%er
reaction. FA46 exgroppedendtessachoptiapallesubsitisted, bhicpreferablyfunsubstitutedt
cells or ' i e tave dei - dri
cells, or in thgtl#agéhngc‘ﬁd q@%ﬁ ?ggﬁggy %g[ tdtﬁ’gfﬁ g(rilra r%réﬁfdé.gg ¢ EE?fEE%IJ ﬂé*"f‘g
or cell extract sl tosi camans in the ngrabehaian EXeRRlaY unsubgituiedsuchgroups
bact reﬂr) i a, %/east lﬁnémdefmlém_ 8 yl,tehg_ﬂ, mpy?i;]sgpr%pylbn?#wg,ewsomﬂe IEBGYS, pintyl, hexyl,
reconbi nant nucl.ei c aci C
ani not r ansf er as éS%nﬁi‘Y&hﬁiﬁﬁagéﬁgfﬂ%hﬂepﬁﬂ%%&h %)ér%ﬂggewlp?@iwa’ﬁ?%yl'
organi sms i @0! udiscyBand ithei ke pThe @wiity! gsoups mabtbiel subistiftied byaapproprise. ; 20

such as 1. i nterpeaiErtLBRyiBHg %ﬁ&?ﬂ?ﬂ%@%@%&ﬁék?gMeﬂ@%%ﬂpmﬁﬁoﬁp'
Spi ngononas  paudixeshplars sulsstitegntsof tee alyl gouphinaluge onetampoess prefarally;
Coms i1 o s A SRR, B GRRESLBRR L3R or BT e ol
engi neer ed or gardreugs P& Rigrd R iara preferably upsyhstitpiedilewer atkyl apd masd| | may
be any cel | 25e. GrefdraBlyanetyrentioned in the _imedi ately preceding
paragraph such as ESCheIEHeC e ¢ c?vlvér aIE)'/IC g's%sgg te?er’:i'nsdeno’tes alkyl groups having 1
to 3 carbon atoms. :
The aminotransferase enzyme employed in the present invention
may be any aminotransferase enzyme capable of catalyzing the conversion of
30 Compound Il into Compound I. Optionally, a glutamate oxidase enzyme may
be employed which can be any glutamate oxidase enzyme capable of
converting glutamate to alpha-keto glutarate. Enzymatic or microbial
materials as the source of either of the enzymes (i.e., the aminotransferase
and/or glutamate oxidase) may be employed in the free state or immobilized
35 on a support such as by physical absorption or entrapment.
Suitable enzymes, regardiess of origin or purity, are those enzymes

referred to as aminotransferase enzyme and glutamate oxidase enzymes.
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Streptonyces Sp., and the |ike, modified to contain a gene or genes for
expressing one or nore am notransferases and/ or gI ut amat e oxi dases 30
capabl e of KPAPYL6S as described herein. - |t | PoFarsoyeaskar |y

preferred to enpyp R%g@% ré?@ﬁlbzé@ngy, g}%xam%n;g&aﬂ%mg@% nﬁﬁgte%&%oém”as

gener a, partlcular y auci es eC|aIIy
the strain Spi ng@mmrgamﬁmﬁnﬁbaﬁby omogmmﬂ@mpswamrfpuom

Pseudonnas sp. cﬁgniég)ra%nf@ntﬁ#mgaﬁén EEAEC&uafosb%ramaqu]réWfa@ﬁm‘éﬁmn‘xt 's

B ot onyocs 2p-auigts bt oromaiebtsins gt sRLRustod thecs o2t or m
"ATCC' as usé&d ISephavrylédressiitkedtduepaigmes sf allyl dextran and N, N’-methylene

[Jn|6v-er sity Boul etv %Bférm'%) kﬁ%&@g@*@g %%‘%”ﬁggﬁ%ﬁ@%ﬁm&hy SUC

pauci mobi | is ATMna&ZMamlmexchang@refﬂmsm buwsmagatwaky cmtged)buomcpjewiber 9,

1997, under the A
comrer ci al sourctngS%gh; g{%{ ar%:a@ﬁg% m@&ggﬁﬁ%t e oXi dat ive '
deani nati on process is Alfejnati )érfhéélx‘ dadive S?m'll%"ﬂﬁ"!sp"QV@SS mayodReintant pels

GX400. 10  or cell extra@tsPAs dajouyse dﬂh@myn@osprmméspécttt@ménﬁgé @ﬂt
i nvention may be carri e out SUbSS uent ernent,ati on,

m cr oor gani sn( s)MERATIFRIE T ?PWF%? & B'feﬁﬁﬁ 5‘9’?8 o'ém?yc%%m?ﬁcﬂﬂt
concurrently tharsivg ahy stitableimsicrobial materiaisecdpableeof catalyzingythedesired

fermentation ang, 5&?&@#8%%59[\&%' ﬁwé&é&%a%be Js%BWﬁ?ﬁé“fdrﬂﬁoﬁB?ac&ﬁ%‘!ﬁ%Q%B?

In the single- stage
appropri ate nedld!iwdm”iSISU@bf&Si lyopiitizes, @mav-dmed ﬁéheat-drlﬂ?ﬂ celtso og imthenformsof

attained. Aq§0NRRIAASH bl heitaAUch d8ptled cBfis aﬁiéélﬂekﬁ%été Suitgbf@ cr obi al

cul tures and t he oxidative deam nation %;ontl nuedq

fermentation, prUFEIGERISMs inFludgganerafre W@T’%ﬂ%tﬁ ﬁ@d &g Sateoptain
formula | is obtitheedndo %enous or recombldamthbeldmacuat@@@dmgléim or bbth of the

Tedi om for § or navinplrBndiafasd A3 aiifRie oridasSEnSiEeY, ERaRRiahg bR ©

activity. Subseguganisys intledecBasiluagp. l:ﬁ;lchaﬁS/BsszlfsySporosawma spfugati on

and m crobi gh C@éc(zéﬂ?@?%ﬁiﬂ Pﬁhﬂi 5§03 R faiyelr?@Hr;aWbﬁﬁTherm?fahW gells

i n an appropriate ut 1 an. é
phosphat es, sodSHAN @8et-dplermediush& SPPQ@""HH‘?S BB- DRBgoOMRRAas Sha‘%ucﬁlaﬁo be

used to prepareswmmam@pauéxmﬁbﬂrso@n@ tomydes sp. Buch@sSteprsmpderfourse 25

O oo ki, S Sies Bl i oSy b Fu T b
cel | suspensi onspIRenicilfierni sp. jiandotheflikeabl y conducted until all or nearly
all of 25 The use of genetically engineered organisms is specifically
contemplated. The host cell may be any cell, e.g., the ones mentioned in the
immediately preceding paragraph such as Escherichia coli, Pichia pastoris,
Streptomyces Sp., and the like, modified to ébhtain a gene or genes for
expressing one or more aminotransferases ahdlor glutamate oxidases
30 capable of catalysis as described herein.
It is particularly preferred fo employ microorganisms of the
Pseudomonas and Spingomonas genera, particularly the species
Spingomonas paucimobilis, especially the strain Spingomonas paucimobilis
ATCC 202027 (formerly known as Pseudomonas sp. SC 16133) for the
35 source of the aminotransferase. It is particularly preferred to empioy
microorganisms of the genus Streptomyces Sp., as the source of the
glutamate oxidase. The term "ATCC" as used herein refers to the accession
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t he conpound of forrmula Il is converted to the conpound of fornula I.

Gowth of theqohsiRer 9ani sms nay be achieved by one of ordi nzg%,vﬁg%ggag&ll

in the art -by the use of an appropriate nmedium Appropriate
gr owi ng m cr oor gaurnber of thel Anericho JypetCulture Colieddomut080dntnivetsity Batlgvand;

the growth of t ' i t ¥ i\ ; '

necessary carbo nhﬁgg‘la%%s’? \%l ?@ ﬁb)%??r? Ogbugé:%gé?)ngﬁgglto lréggfé%e?’ggng\m 2?%60%%2%3

may al so be addedepcditediwitinthe AdGEen September9ntILr.iinder dhe peayisions gbthe

conmpound enhanciggd%&égﬁtr[ﬁg@_ of the desired enzymatic activity within the
ose

m crobial cell, such as t conpounds containing . . N
a 5 °UL1| ysAsommaaal TR oba Sl damate oxidass usei i @NdAle be
added as | d6rpRTaRiof Tbogs VisBigMmaoChéimicaliOo. o8t. dauiss MO., product number
Car bon sources rrgbi cl ude sugars such as nal tose, | actose, gl ucose,
fructose, glyceruol,"Sorbitol, sucrose, starch, nmannitol, propylene 5

gl écol : andht hF | i ke; of paoixidaive deaminaticrs prodss of Hvepeasent swyention may be e,
an the like...am ' ¢ e i % d
al cohol s SEirieB Bl duBSedert 5 e TR A Pl Flcon BRRIHIE) oibfoyedf
Ni trogen soulces(twaystage fermentatiomand eopversion). ot exiprurieqiiytherewjth, that is.jaan
meal , beef extragleyatt¥fasde, ytihafuTerniérationand reBlLesse&indlalstages yeast, 10
tryptone, nutri spV, e%eﬁt one, soﬁ| ﬁmﬁgl ; rtﬁt eﬁ’:}?@ ni um sul fate, and the.
like. ferm f EPé‘%fl“%_ Ofthy'N REIURECT f DRAESSal MERRIGRORMS
[rfﬁggﬁggisﬁh gﬁ::) lcl)hﬁeé'g b?;@ﬁilv&nclln[j%rg hpbnopri?ﬁﬁlmeﬂﬂﬂhWl&ﬁﬂfﬁbi@’\ag&)wtmcﬁ‘ahé S.

: nor a a r
sour ce or ot her HUPPEAnists ¥ StdRed. W BinB8Tad BF RiMid oy s addsdiees
sp. is an adéeouthemaitirobial culturasandghe loxidative dsantjnationm cortinusd with tke ght
0A - . i A
?f?) 20 fewgﬂ?%}%’b&%fgrably until complefd'EAvE¥ion to the compound of

A preferred medifommuls | §AgBeEnas pauci nobi | is ATCC 202027 is an
aqueous medi um havi ng t fietheGWoosthge prOEER) el MidroBrgiiishs nidy, ithe first stage,

be grown in an appropriate medium for fermentation until exhibiting the

20 desired enzymatic activity. Subsequently, the cells may be harvested by
centrifugation and microbial cell suspensions prepared by suspending
harvested cells in an appropriate buffered solution. Buffers such as Tris-HCl,
phosphates, sodium acetate and the like may be used. Water may also be
used to prepare suspensions of microbial cells. In the second stage, the

25 compound of formula Il may be mixed with the microbial cell suspensions,
and the enzymatic conversion of the compound catalyzed by the microbial
cell suspension. The reaction is preferably conducted until all or nearly all of
the compound of formula |l is converted to the compound of formula 1.

Growth of the microorganisms may be achieved by one of ordinary

30 skill in the art by the use of an appropriate medium. Appropriate media for
growing microorganisms include those which provide nutrients necessary for
the growth of the microbial cells. A typical medium for growth includes
necessary carbon sources, nitrogen sources, and trace elements. Inducers
may also be added. The term “inducer”, as used herein, includes any

35 compound enhancing formation of the desired enzymatic activity within the
microbial cell, such as those compounds containing



Conponent Pept one 1.5%

Yeast Extract 1. 0% KH2PO4

0.2% 30 WO 00/14263 2 HPO4 - 9c2MS99/19964

MySO4 o

0 20 A prefI¥S' C.}-mdLlysmﬁanalggs FPrrﬂuQﬁ Com a%u Smﬁ%g aV| ng t he

fol | owi ng 35 coifstsieens duting grevtgaf the mrcroorgamsm E

108/ Carb$P§8@288'may include sugars suéﬁ—aé\%éﬁbs‘é Iactose

a (;/cerol glucose }ructose glycerol, sorbitol, sugrose, starch mannltqsqag;q;p@lpne

(()NEIO4/3 . 5 glycoKard®4e like; organic acids such as sodium acetate, sodmrﬁ%trate and
Pr e

gl ycol the like; amino acids smffhoq)st, /sodlum gl&?a?nate a% g&“kﬁq aqggllmeig'

0.0246% 10 such as nmthanglc ethanol, propanol, and the Ilke - 0. 005% .

pH 7.0 - 7.2 T R S to

about 6 to 8, dep§r'1tdp en %gﬁ ﬂ{eayggfaulagq* ggdr}@g%ené&ét%gé}éq mgjed&l g@i

at a tenper at ur eeam meal, @%fg rla}-‘@ ygpstextracks veastanmin, melassss) bakard Y%%g

desirabl e ptp af ir?ﬁto%behuiriséﬁt p%ﬂone sodium mtrate awh@émgﬁpymm and the like. _
ni croor gani sms, the OXJ.'.dat i ve invention is

(Emer B may dafRe PORESN
preferably carried out 'Rt CRENGHINAYduHHAE PHRSP #ﬁéand ma%@‘ﬁ"&mron and
aeration of themasganese, caleitny, eobaltavitkel} inen, sodium aotl potgssium salts.

avai |l abl e during the e ke-
20 flask cultures or %ﬁ%ﬁ?%?@ggwwﬁg%% thaboémnecé%grgégc |H§tﬂgﬁé}ﬁ
si ngl e- st squrcerortotersudtentor ocess. The agi tation range from50 to 500
RPM I's EJOr ef erabl ea dpbfelr 0 Ica) uﬁ@?br@?%ﬁf@h;zg ?tlsl%rneécﬁfédi@ mé&gRL | ON

of about 0. to 10 vol une alr. per vol medi a’ per mnute

(i.e., O. 1 t o having $he fqllgwmg COWPQPEMSGQJF WWQhFl @)eratlon of about 5 vol unes
of air per volunme of nedia per 25 mnute (i.e., ‘5 v/vt) being nost
preferred.

Component : _

Nutrisoy 3%

20 Maltrin M 180 : 1%

A preferred medium for Spingomonaé paucimobilis ATCC 202027 is
an agueous medium having the following components (in weight %):

25 .
Component
Peptone . ' 1.5%
Yeast Extract 1.0%
KH,PO, 0.2%
30 K;HPO, 0.2%
MgSO, . 0.01%
NaCl 0.2%

A preferred medium for E. coli is an aqueous medium having the following
35 components (in weight %):



I f the oxidati.ve deam nation process is perforned in a second stage

after growt hygfeelilgs™M croorgani sms, oxygen is not known to bepéf/ggggplg%“and
may be detrinental. The oxi dative deam-nation process of the

present invention is 30Com@onedBt out using al pha-ketoglutarate and,

optionally, a gl utanat engXHieeA enzynme. The gl utamaj® oxi dase

catal yzes the reaction ﬁf Lutamate to form al pha- kig ogl utarate and

t hereby providing a meah®98MRcycling the al pha- k (°og| utarate. The

al pha- ket ogl utarate fur@ng;gfm as an acceptor of the am n2% group of the
N

conmpound of forrmula II. In the oxidative I nati on process
t he corrpoundfsof the for ﬁ:’iPPt‘ is converted to thedg'g%)ound of the
. (1)

formula | via two interikdtP@ses which
-0O- spont acm.?gﬁd convert to form Conpound iﬂzgfni ch is
4 4 .

Il lustrated by the OW ng reaction schene: [err
Propylene glycol .05%

MgS0O47H,0 0.0246%
-10 Kanamycin 0.005%
pH7.0-7.2

The pH of the medium is preferably adjusted to about 6 to 8,

depending upon the particular medium, sterilized, e.g., at a temperature of
15  121°C for 30 minutes, and then adjusted to a desirable pH after sterilization.

When growing microorganisms, the oxidative deamination process
of the invention is preferably carried out under aerobic conditions. The
agitation and aeration of the reaction mixture affects the amount of oxygen
available during the process which may be conducted, for example, in shake-

20 flask cultures or fermentor tanks during growth of microorganisms in a single-
stage or two-stage process. The agitation range from 50 to 500 RPM is
preferable, with 50 to 100 RPM being most preferred. Aeration of about 0.1
to 10 volumes of air per volume of media per minute (i.e., 0. 1 to 10 v/vt) is
preferred, with aeration of about 5 volumes of air per volume of media per

25 minute (i.e., 5 vivt) being most preferred.

If the oxidative deamination process is performed in a second stage
after growth of the microorganisms, oxygen is not known to be required and
may be detrimental.

The oxidative deamination process of the present invention is

30 carried out using alpha-ketoglutarate and, optionally, a glutamate oxidase
enzyme. The glutamate oxidase catalyzes the reaction of glutamate to form
alpha-ketoglutarate and thereby providing a means of recycling the alpha-
ketoglutarate. The alpha-ketoglutarate functions as an acceptor of the amino
group of the compound of formula Il

35 In the oxidative deamination process the compound of the formula Il
is converted to the compound of the formula | via two intermediates which



5 In t he oxi dative deam nation process, the conpound of the

formul a wth a free sulfhydryl, S-alkyl, or S-acetyl can be ~

enpl oyed. Inwcf)a‘é”él 8 t he S-al kyl at ed conpound of the forP&l/ES919968he

al kyl group is fspromaﬁmworwmform Corﬁb&m@awcms iﬁGétVéfBH'bg%éy and
convertedtoazomund of .the fornmula I h free sulfh and is
then used in t hdOUMWIDGJEAEtON SEhRBe: | h case of the 10 S acetyl corrpound of -
the formula Il, the basic reaction conditions causes: hydrol ysis of the
acetyl group to gener ge tbgz}qiey red, conp the formula Il with a
free sul fhydryl é:group = It is prefexrgd to enploy an agueous
liquid as the rdaby a-kdtoghptaratea oY danic- liquid, or a

m scible or inmmscille (Wiphgsic) 15 Glotaymis oxidasa
al so be enpl oyed.
% of the conpound |of

us liquid mxture nmay

ormula I\ starWN tefial based on the

conbi ned wei ght oB.the co und and reaction.inedium The anount of
enzyme or m croorgallﬁ sm enpl HVéd —- -
10- relative to.the star tannigotmlsﬁrasal'_' is selected to allow
catal ysis of the _oxidative deam nati on process. The
products of the ﬁ. dative dedo.fat} on process of the present

i nvention may beli fied, if desired, by known net hodol ogi es
5 such as by exi r att4e NSt i on, crystallization, columm
chr omat ogr aphy, fnd —4&-preferred nmethod for

3
separating the desir f ofTrota | fromthe remaining
conmpounds of the|reattion mediumif concentration by renoval of
wat er, then addi{ior®f netha tl crystallize out the amno acid. 10

Preferred am not fansferases useful] herein are selected fromthose
am no transferases known as EpSI | on am notransferases and L-[err]-

am not r ansf er ases. Speci fic exanples include aspartate
am not r ansf er ases,[ gl ut arTBt e =1 am notransferases, pyrurate
am not r ansf erases,| ornithpne a:ﬁzh'o ransferases, 15 br anch- chad
am notransferases, 8y, hf The nost preferred am not r ansf ef ase
has t he sequence ghown 'n Fiygur ef 1} ( SEQ-+D-NO—~-2)}—» O he rred
am not r ansf er ases |have | dast “80Poidentity to SEQ I D. re
preferably at |eadt 9 %Hﬁentlty tp SEQ ID. NO : 2. PiN 0 CO,H
SH
- -
5 In the oxidative deamination process, the compound of the formula

It with a free sulfhydryl, S-alkyl, or S-acetyl can be employed. In case of the
S-alkylated compound of the formula {l, the alkyl group is first removed either
chemically or enzymatically and converted to a compound of the formula Il
with free sulfhydryl and is then used in the enzymatic process. in case of the
10  S-acetyl compound of the formula ll, the basic reaction conditions causes
hydrolysis of the acetyl group to generate the desired compound of the
formula 1l with a free sulfhydryl group.
It is preferred to employ an aqueous liquid as the reaction medium,
although an organic liquid, or a miscible or immiscible (biphasic)
15  organic/aqueous liquid mixture may also be employed.
it is preferred to employ 0.1 to 25 weight % of the compound of
formula 1l starting material based on the combined weight of the compound
and reaction medium. The amount of enzyme or microorganism employed

-10 -
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d utanmate oxidase is comercially available from Streptonmyces sp. (Signma 20
Chem cals, P 400) . The present inventi

cont enpl at esl’vﬁggw%?% or nore am not r ansf er ases and/ of %3(/@9@?99%re
gl ut amat e oxi das eslatlvmtcn theustarting matartial is selecteirg alioel eatalysissofdhe oxidative
extracts. The anmypgndihfesd @r&@gg and gl utamate - oxidases, useful in
the present invention are ically froma variety of plant, 25 ani mal ,
and mi crobial origins. mhﬁd?fﬁ§99t§é?f§he pridative deamination procass Rbths rresapt

Itﬂventlon rrg?/ bguﬁ}étrﬁt debﬁﬁ%@besymémtam p&mwdam nlﬂdéSlredCb lkh@@ﬁnhr‘ggﬂioEggjm%efL

e i

those of ©° 8PoBubhgs Pprtacton THERERY. isEizRfinns colneReaeloaigtl and
prgclzeglljgg ?iggrSI) I:hidllkelb Houghton et al., Proc. Natl. Acad. Sci. 82,

51 ma € A

production in proka)r/yot | Cygrelfex’?ga’ g% Ovcﬁ p%%@ﬁgﬁséﬁgx&?ﬁéél ngop%mla

sequence codi ng 1&om the reesaining compow';téﬁféheéaa@igthdwn is eonuentration)by or
b

y invitro tra“()#r%k&l%ﬂatb??h@ﬁ*%dntuon of‘?ﬁéfpﬁﬁﬁl f&Vc sQPﬁe%ﬁﬁ‘t‘ﬁ’é‘ RiffQacie

for all or part I re uctlon
of pol ypeptits by t hesEratesied %m@o&r@amrawsstssefph@er&m areameateé mélmﬁed

herei n. ammo traﬁ@.féiaée@nﬁomrast%u@nmbtran%r@hﬁsl iy deam nation
process can g (% ay dependi ng on the type and form of enzyne
enpl oyed. amm transterases. 11 -

Thef oxi dgt i vg deami nat i @peme?mnFﬂés Ifvludy esprantate aneinbiransferases, glutam]gte
co ng. o

Formi a1 The perBrotHIRERs e s, Rl e el e s

and 12, nor el%r ebeandh- Wmatamentrabsferaﬁsaadd &he tike.i Fﬁgetm@stg)refarrredof 5

m croor gani sis. : |h6€?ﬁ§f§ré¥e9’fé‘§ﬁled§’%@e%é sHS B%%r’é"‘f g%l?@pr O aE)I y

ni cr oor gani sis, i's mal ntai ne
bet ween about 7 Qﬁaelgpreferred amlnotransferaﬁgﬁllngwgtqg,I%aqt§08@ idendith ® of the heat

energy avgl Itabl esfeu IID*N? 2, morecpifgfé?éblyfatwaﬁ iduntief RCSES. IDilgd) .ghoul flhbe
mai ntai ned to en a ere | r vai l abl e jor is
process. A suita af"é"}llﬁ@xéf{] RS COAYR ercna"l'ly aVPB?&FHBO’Br%zEé’ngXF% fR- (Sigma

i nvention is20 rommmaals;Lqum#GQm%.bout 60 [err]C. A preferred

tenperature range is fr gﬁhgj}ggént%ﬁv%ﬁ@bﬁgﬁ céﬂte[rﬁﬁléleg udd oittW% Wﬂﬁfé;S

i nvol ves active fernent ture range 1s ab
[err]C to ammtramsf{a@slep@ndwretmmpr%bmma@ <p>@da§ez§, pArtiguarhawhen
reaction tine I8u§iagtwh61etdén§%r cﬁmléxtﬂa%t@orrhé arﬁh@ﬁﬁb’r%?éﬁésé@%% thﬁwa%

hours, neasured fromthe

tr eat e 0
formia 1w th SXGREPBHSRiA infe present ifventin Afrysalhtoma VTR omj
It is prefer2®d ghimhalcanyimitrobial cighs. aAlterabtively, the enzymes useful in the present

invention may be obtained by synthetic means, i.e., chemical synthesis of the
polypeptide from its component amino acids, by methods known to those of
ordinary skill in the art. For example, the solid phase procedure described in
Houghton et al., Proc. Natl. Acad. Sci. 82, 5131-5135 (1985) may be
30 employed. The enzymes may be obtained by production in prokaryotic or
eukaryotic host cells expressing a DNA sequence coding for the desired
enzyme (endogenous or recombinant), or by in vitro translation of the mRNA
encoded by a DNA sequence coding for all or part of the desired enzyme.
Techniques for the production of polypeptides by these means are known in
35 the art, and are described herein.
Conditions for the enzymatic oxidative deamination process can
vary widely depending on the type and form of enzyme employed.

-11 -



conpl ete conversion of the conmpound of formula Il takes place.
Pressure is not known to be critical to practice of the invention and 20
for conveni SWR8VIBBYUt at mospheric pressure is-typically enpl egeadsssdosoad

pH range for the proce%ﬁe'c(ﬁ)?@attmﬁgtdﬁ%rﬁ. ?@r?é?qcl‘:gs o?'ﬂ'?{ ﬁfe@gh%n@eﬂﬁgn g Lo

about 9, regardl ess
The oxi dation dpafformed ondgr eerditions suitable ferdermingrtbe desised c@mmousd of in

gggh yi eltd OI ht #&Woggg oM of Ple'fibaiuin %r&eFé?é Irﬁalh{dmed\g%ggmeqﬁébduted dis
orobly | andddamareralerany betudor aBaut $:att B anes 8 GrOMBAT 955

preferably an
It is prefersbl mutrooagémmby Dueingi the tpeotdss, whedaérlpafodmemm&t entymes or

e d to the reaBtrBRta IR e AR AT PE 2ol Sk iHE iRl 0

tri ghl grgﬁtggm gtralatgveaiagéﬁmt'?almcﬂﬁane sul foni ¢ acid, phosphoric acid, ﬁtc)ﬁ;![ c
21(‘: ! aci dy is suffi ?erenx)'élr%tHF% i éimééﬁu?é] b %\Qq{édé‘éﬁer@”aﬁu%fﬁ foé&?o 20%
aci d, preferabl gxidative dggmﬂatnp@o,@rggeiﬁ, and should be maintainedytocgngus there
starting diqept jsdqiffidisRy eriég QVENABle for this H&%e§§dﬂ(‘§dltaﬁle3t§m é?éﬂﬁé‘% e

(e gtz O 05 he PrRGesSialdad ygho %@{yﬁatﬁm@t B R I

- 12 - [ preférred tempefatureGBrgpiofront altbut-26 o apstt 4@ °Ct Hethiegdrooséng

ngg '32 H uslji'\(lgfv%g ackl% rfclrmentation, a sxg@bée ﬁmperature range |s 5@6&@?% ts

1) NaCOH about 45 °C, preferably about UBFC. A typical reaction time is about 4 to

CBz-d 15  about 48 hours, preferably about 4 to 8 hours, measured from the time of
initially treating the compound of formula |l with a microorganism(s) or
enzyme(s) as described herein. It is preferred that complete or substantially
complete conversion of the compound of formula 1l takes place.

Pressure is not known to be critical to practice of the invention and

20 for convenience about atmospheric pressure is typically employed. A broad
pH range for the process is about 6 to about 10, preferably about 7 to about
9, regardless of whether active fermentation is employed.

The oxidation deamination process of the present invention results

in high yield of the compound of Formula | and Formula lll. A typical yield is
25 greater than about 70%, preferably greater than about 80%, more preferably
greater than about 90%, and most preferably about 95%.

It is preferable to actively terminate the oxidative deamination
process. The reaction can be terminated by adding an effective amount of
acid to the reaction mixture. Preferred acids are strong acids such as

30 trichloroacetic acid (TCA), methane sulfonic acid, phosphoric acid, acetic
acid, hydrochloric acid, sulfuric acid, and the like. An effective amount of acid
is sufficient to lower pH to about 2; e.g., about 5% to 20% acid, preferably
about 10% acid.

To prepare the starting dipeptide dimer of formula IV in the reduction

35 process, L-homocystine is reacted with an appropriate protecting group halide
(e.g., CBZ-Cl) to form a protected L-homocystine of the formula

-12 -




2) MIBE - 3) HC

4) H20 WO 00/14265 hept anes [err]
N- [ (Phenyl met hoxy) car bonyl ] - L- hon‘g

The protected L-honocystine is th
carbodimde (DCC) to form N-[(Phenyl
(1[err]1" )-disulfide. The conpouo o fornmed is thep=e@acted with N
MBCC- L-Lysine to formthe dipeptide diyger of Forrrui.,-" | V. The conpound of

Cuitabie | fol FAPORCEN TG @n R iERGHhe SEREe S ALSERG agent s

I ncl ude dithiothreitol (DTT), 2 r capt oet hanol ,Qtri but yl phosphi ne, and
the like. For 15 CBZ protectedc]q 8 foll o ng schene is

illustrated: 7 1%- O err
NHz NH, Lerr]

t ei ne, gl >1 g%?s_,ul f i gePCT/USI9/19964
eacy/ed Wt R\ an ¢ycl ohexyl
oxy) car bo - L- honocyst ei ne, 10

L-Homocystine
MW 268.35
99.9 Hi

1) NaOH
H,0
CBZ-Cl

2) MTBE

3) HCI

4) H,0
heptanes

Oy

-[(Phenylmethoxy)carbonyl L-homocystelne (1->1")-disulfide

The protected L-homocystine is then reacted with and dicyclohexyl
carbodimide (DCC) to form N-[(Phenylmethoxy)carbonyl]-L-homocysteine,

10 (1 —> 1' )-disulfide. The compound so formed is then reacted with N-
MBOC-L-Lysine to form the dipeptide dimer of Formula IV. The compound of
Formula [V is then contacted with a reducing agent under conditions suitable
for formation of the compound of formlua lll. Reducing agents include
dithiothreitol (DTT), 2-mercaptoethanol, tributylphosphine, and the like. For

16 CBZ protected compounds, the following scheme is illustrated:

-13 -
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Suitable.conditions for the reduction process include a tenperature of

about 25[err out 40[err]C, a reaction tinme of about 5 @
about 1 hh%o@?ffégnd a pH of about 7 to about 9. Suitable sg*:%%%zw%’gﬁ
t he reduction pr odygtabile conditions fartheseductioorpracess incioin a tropeanatureuch

as ethanol, 5 ‘#%%BQ?C ¥ tagﬁiﬁ’ltgo"%gai r%?%tic%‘ﬁnfe"ﬁ dBdtR 5 minutes to about 1 AS

descri bed by Robl 1n ] _ .

(S) - 2- ani no- 6, 6-WUREAND L PhABPY 41q abowkY. nFhitallesolants e edudtion pe
coupl ed wi th t herdeedsrineridedvaternatectshtaining €0%:0s01vér, Yuch as effeirid, 10 to
gi ve the di pgptide, of }tho{ﬁt!g%'VId .Lerr] wherein Plerr]
i's an anmino protBEHARG GF ASF e 20ddBR JBoxycar bonyl or

t - but yl oxycar bonyl , pheksdgsaritted by Rbbhinl thSe Pdtentds, 568 @7@up whi ch t oget her
with the N-atom ' ] . | S.a 15
mer capt o prot ect(lég'gg%pg’t?g éﬁ]@ﬁ%@%&éﬁoﬁ%@%ﬁ% Q%r?f @@@%‘g@“rﬂeg%t i on
i s preferably peouplatwiththe Nepriptecied amine asiccofitheifagmuleadent such as
benzotri azol - 1- yl oxyt riSPgi net hyl am no) phosphoni um hexaf | uor ophosphat e,

et hyl - 3- (3-di net hyl - am'ﬁo?pr opyl carbodiim de, dicyclohexyl carbodiimde, or
met hanesul f onyl oxybenz@Hi)azol e. 20 The P2 protecting group is
sel ectively renoved frgm the di pepti de of formula VI such as by

treatnment with spld4mm-m-1-lmbme i n m8% hanol or by treatnent with

p-tol uenesulfonic acid in methanol. The resulting mercaptan conmpound

i s then subj@ct 4@ give the dippptideobihefeEmElAYli zati on reaction preferably
by treating with a strong acid s?CIH,as trifluoroacetic acid, 25

p-tol uenesul foni ¢ acid, methanestlfonic acid, or a conmercially avail abl e
pol ystyrene sul fonate pepymer t§FeOCBR exchange resin such as

Amber | yst 15. This cyclikafion redction can be performed in a non-protic

sol vent such as net hyl é('aﬂzbzhl ori((giéHpg chloroformto give the lactam of the

formila Vi1 P,—N—CH—C-N—CH-COOCH,
O H VI
wherein P14 is an amino protecting group such as benzyloxycarbonyl or
t-butyloxycarbonyl, phenoxyacetyl, phenylacetyl, or a group which together
with the N-atom forms a protecting group such as phthalimido and P2 is a

15  mercapto protecting group such as acetyl or benzoyl. This coupling reaction
is preferably performed in the presence of a coupling reagent such as
benzotriazol-1-yloxytris(dimethylamino)}phosphonium hexafluorophosphate,
ethyl-3-(3-dimethyl-amino)propyl carbodiimide, dicyclohexylcarbodiimide, or
methanesulfonyloxybenzotriazole.

20 The P2 protecting group is selectively removed from the dipeptide of
formula VI such as by treatment with sodium methoxide in methanol or by
treatment with p-toluenesulfonic acid in methanol. The resuiting mercaptan
compound is then subjected to an acid catalyzed cyclization reaction
preferably by treating with a strong acid such as trifluoroacetic acid,

25 p-toluenesulfonic acid, methanesulfonic acid, or a commercially available
polystyrene sulfonate polymer type ion exchange resin such as
Amberlyst15®. This cyclization reaction can be performed in a non-protic
solvent such as methylene chloride or chloroform to give the lactam of the
formuia VII

-15-



- 15- [err] ~The lactamof formula VII is then
treated to re ve the Plerr] N-protecting group and then reacted with
t he acyl mer ¢4 %ﬁ ﬁ%noyl si dechai n of the fornmula VIII1 PCT/US89%/19964
wherein R6 is nethyl nHl vrng t he compound of the fornmula IX

0 - This coupling reaction can be
performed in an organic sol vgnt such as nmet hyl ene chloride and in the
presence of a coupli o
- et hyl - 3- (3-di met hyl am nopr, "bodi i m de, dicycl ohexyl carbodii m de,
benzotriazol - 1- gl « [ | am no) phosptipni um hexaf | uor ophosphat e,

or carbonyi di i m Hazol e. ternatxx@tn t he acyl ner capt oal kanoi ¢ acid of
formula Vi1l can be convélted to an adtivat ed formprior to coupling such
as an acid chl ori dehe fackard ciferynila ¥el |s§Iyamﬁeatacbﬂo remoyerthed®4 act i vat ed

ester, 15 etc, -protecting group and then reacted wrth the acylmercaptoalkanoyl sidechain
of the formula VIl :
P ®
R6——C-—S-—-§JH—C—OH
H,

VIII

wherein Rg is methyl or phenyl giving the compound of the formula 1X

o
=0

i
Rg—C—S—CH—C—
cH,

(3
:n—z

COOCH3_ . IX

This coupling reaction can be performed in an organic solvent such as
methylene chloride and in the presence of a coupling reagent such as

10 1-ethyl-3-(3-dimethylaminbpropyl)carbodiimide, dicyclohexylcarbodiimide,
benzotriazol-1-yloxytris-(dimethylamino)phosphonium hexafluorophosphate,
or carbonyldiimidazole. Alternatively, the acylmercaptoalkanoic acid of
formula VIl can be converted to an activated form prior to coupling such as
an acid chloride, mixed anhydride, symmetrical anhydride, activated ester,

15 etc. : : _
The P1 N-protecting group can be removed from the lactam of

formula VI, for example, by treatment with hydrazine monohydrate when P14

together with the N-atom forms a phthalimido group or by treatment with
iodotrimethylsilane or palladium on carbon and hydrogen when P1 is
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The P[err] N-protecting group can be renoved fromthe | actam of formul a
VI, for exawplogiiadsy treat nent vmth hydra2| ne nonohydrat e \/\hepcﬁbgggp,]994

together with the N-atom forns i mdo group or, by, ta_hgtnent Wt
i odot ri net hyl si [bgngylexypanbozyl an‘i’)bﬁeé'%m%ﬁmgh ydrpghiogiedcihindipxane pr pger
-16- shengydcid wiheno@nys t-butoltycarbeaylrent wi th hydrochloric acid in

di oxane or ot her St %ﬁb%#g@g(@%% de'gé‘ed aﬁ&ttl‘i’é)ﬁe%ﬁgcék‘fér group is

The acyl group R6-C(O- Is re e met ester grou

converted to th%ométteaxbtm @amda ?l’@ﬁh“ﬂﬁﬁnﬁ@ﬁ@@yﬁ@o@ﬁdf@ﬁmma|I)‘6tb@|\£l§tl"@
the 5 desired final product of fornula XI. For exanple, when R6 is nethyl

treat ment wibh rdﬂsiredcﬂnad:pmﬂuctmf fqrmmﬁ(mei-’ooexamptﬁ mheadRe dsimethyld yi el d
t he desired compound of formula Xl.

45| 4[ err]) (R trgasment M[rﬁeﬂ]apph@tseawwhbdwmdf f@"O\[\/@QWﬁ -acid yield

a2 BTN s o poccoses art ot rs

converting enzyme and neutral | dase inhibitory activity. This

conpound as well as its pharnsg cggptable salts are useful in
treating cardiovascul ar di geases s hypertension and congestive heart
15 failure as noted ) nt 5,508,272. This conpound can be
adm nistered to AN 2 man at" from about 0.1 ng to

about 100 ny per pef-“day, preferably fromabout 0.5 ng to
about 25 ng per kg wei ght per day. The conpound is preferably
adm ni stered oraIIy but parenteral routes and topical routes can al so be 20
enpl oyed. The daily dodS-{4(R3p7adibafllsPetebydm-figly or can be divided into
two to four ﬂos adm ni st redét hro@ahout t he The

i S-ghe

present inv H]egﬁa%tB OFR Br%!@?@&’?ﬂ%?x%ﬂﬂ' conprising a
o one A B RING AR I sBBla gtongy 0o ved
Preferably, the comvering endyneahdndutral endofdjtidaskedohibi#sry activity. This
compound as well as its pharmaceutically acceptable salts are useful in
treating cardiovascular diseases such as hypertension and congestive heart
15 failure as noted in Robl U.S. Patent 5,508,272. This compound can be
administered to a mammalian host such as man at from about 0.1 mg to
about 100 mg per kg of body weight per day, preferably from about 0.5 mg to
about 25 mg per kg of body weight per day. The compound is preferably
administered orally but parenteral routes and topical routes can also be
20 employed. The daily dose can be administered singly or can be divided into
two to four doses administered throughout the day.

The present invention also concerns an engineered host cell
comprising a recombinant nucleic acid sequence coding for aminotransferase
derived from Spingomonas paucimobilis ATCC 202027 (preferably

25 SEQ.ID.NO.:1). Preferably, the nucleic acid molecules are DNA molecules
and the nucleic acid sequences are DNA sequences.

As used in the present applicatio__n, the term "modified", when

referring to a nucleotide or polypeptide sequence, means a nucleotide or
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and the nucleic acid sequences are DNA sequences. As used in
t he present @8 h} tion, the term"nodified", when referring to a
nucl eoti de o 8’ I]‘&gﬁ'ptide sequence, nmeans a nucl eotide or PCT/US99/19964

- 17- ol.ypepti de sequence which differs fromthe wld-type
sequence found PRVPEPIUERalERCS WEH il s the ik Ges sBAHaREe Hoed Bl T of
the present inveghign can be any - m croorgani smthat is capable of
produci ng reconbl nant am notransferase 5 and is:capable of being
transformed or geneti c3hieyrecombirest ddstielhof the preseritrioverdiosfemaseahy om a
different species to expres am not r ansf er ase.

s catalytically active™ |
il on of  ros igrOrgamEy Bt |irasablo rheficiag repambinant. raRalranalerase

Baci 11us_sp- 5 SUgla 9 cBoaifiiieirty «SHABAREH Bl BanSReally SRARISH vith

coli,;Pichia sp. suc el apastoris nyces sp. such as T. 10

i ntermedi us, PsghfiecRasserze flarh 206ifferem species 46 bxpresSuatalpliedlgactive

pauci nobi l'is; Streptonyces sp._such as Streptonyces noursel; Can dida sp.;
Sacchar onyces spminaepisfemssorixamplps of hosteallgrafhe inventien ingluds, Jer ;

and the like. A preferred.host cell] of,the.i.nvention is Escherjchia coli.
Al DNA sequenceSampE. LR SHCh aB - PRy PSS FepherRE (o
1t oriental i egyiichia P SUERBYTIERBMSIGHS, FRdmRSactoRiyck B sudiiab qoti de
base abbreviations used herein are conventional in the art, i.e., T

i s thynm ne, 100 i sitermediusdéseudomenassiei8pisgorepnan spGsush gsaSpingomahas, X i s

BT " G e B tmptemiedi. o Yy be sl 1
am not r ansf er ase i egue ' | L. On 4 0f 2 eoti de
sequence subst aﬁfilbgl?%?%e%h y @%ﬁ’“aﬁ’éhﬁg" ;g%'r‘ Fg@ " Ep"pgré%}gglr@e%"

conpl ement ary t and the likdNAASeeferrethosticedl obtte Bwentioe & Bbédrichia co/hybri di zes
to a DNA sequence conplenentary to one of these DNA sequences.
Preferably, the DNA se§li&NA seguencrs, @€ reatrsenied hagpim by formulas wdnose deft .

" Se0e | S A bR 8 Be 85 BLoPRAH R SR 82 BliBBine BaES
greater than 90%&:@%%5-us_éerr@éihrwe%vunmfal$ﬁméwm,nte.pvﬁsitﬂmtjé,Arvs/- be

carried out according to the method described in Nature,  313: - 404
(1985). The DNradenjoenCds cytosing, andiG ig/guanine; algoukdeA, &E; oh&eiitu is purine

Cond L ons o o a3 FORE 8 05 SR P P i e S, 2
L Lglme?tc her bact gy ited reédfﬁﬂﬁbnpém}fﬁﬂr%fnsfé?%é%sa I)‘Fﬂ'_@é?alg—_zﬁ&cl‘i'é\hﬁg'%ﬂ oPbart of
20 the nucleotide sequence substantially as shown in Figure 1; or a DNA
sequence compleméntary to this DNA sequence; or a DNA sequence which
hybridizes to a DNA sequence complementary to one of these DNA
sequences. Pfeferably, the DNA sequence hybridizes under stringent
conditions. Stringent hybridization conditions select for DNA sequences of
25 greater than 80% identity, preferably greater thén 85% or, more preferably,
greater than 90% identity. Screening DNA ur'\d_'er stringent conditions may be
carried out according to the method described in Nature, 313: 402-404
(1985). The DNA sequences capable of hybridizing under stringent
conditions with the DNA disclosed in the present application may be, for
30 example, allelic variants of the disclosed DNA sequences, or may be derived

from other bacterial, fungal or yeast sources. General techniques of nucleic
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acid hybridization are disclosed by Sanbrook et al., In: Mlecular C oning,

a Labor §®bon1adgual , 2d edition, Cold Spring Harbor Labor d
Spring Harbor, N.Y. (1984), ‘and by Haynes et al.; In: Nuc?l%terﬁ{:s)é%%i

Hybri di zation, &cid hybfeRatibs are ARRIcRaE by $AMbIRICKE Bt alldFhMEESiar @lcﬁiin% a
(1985), which references 5 are incorporated herein by reference. In the

case of a nucl edtahlbratoryhdarual, 2d editiongCold=Spiiny agemaborataty.n§oldbSppagt

f th N ired.that, th | | de . .code f
ragment a1 atos §iY-(AB4). 20k focflaymes o4, R Nuilkis B PiBuiRRbonyA
Th ferred ' ' : i

Lhe P11, A BIESA oA PRy et O, SUBBSISRY e

under stringént areridcdriponstetihereiiNy feferienge! lvethreecasmota oliciBbbde lseGuehi 1
or its conplenent. The preferred am notransferase of the invention has the
am no acid sequd@e®, aDNAgequepceNeading forparkeh the elzyms; dijssadieramhihal dha

R 1 L G TR TGRS

t he i nvent i gipinaticadRitQgous to the sequences specifically disclosed
her ei n. The dégree of honol ogy (percent identity) between a

ol 6 by’ commar gt i PreTerod DI chobdmE U MERafiBirad s B¢ sadendsnt
o s,y dBo G H5c 1, ts,complemt, Ors VA Blgtulg cappRI P HRHONEINGe s
12: 387, 1984) arlmcﬁar@tﬂir@géhrﬁ donditiohdo a DNAURWirey lﬂjer seqfendbssfGBANI. DeNO: 03
of Needl enan ancPVEHEIRPIENerio The prefdtiREpATigtiansidiase 'atind 8RN balth°
Smith and Wat er rmmingfabid segpens&ohSEQ. 1.I2:NB2, onas aiin@acidf $gquenbe haaing at
rogram defi nes L& I of ' ' :
Ircl)uclgeot i desI or al%%?oé(g%:lgéyﬁgﬁ§ I(%@a'?'??g\{onﬁgl’ gﬁeﬁ%ﬁ} gegg #Yég%gg?é%]gjeﬁg%yél
nunber of syfbols in thEhgMafartaginotanid prBNAesedyRNGES Wiln the scopepithesd

defaul t paranet gpgenhtiin él*éeh&ﬁBIdyoﬂgrtéghé Bequsises(sbecticalRdisclosed HetERar i son
or, 1 den

Tent 111 g for Tk Redbedifordigay nedient kenifa Bapusen 3 srteltioaly disclgsedskov
30 and Burgess,ardualvariant ssquee rdy bedfsterrainéd, fos esamplé tndedmpSimgive z
B omedi cal - HSeMaHCE IR f.h?%‘?kﬁ;#@@@?%@@D?gr%@%?é{s%?oegﬁ%?ﬁ&yé’dﬁ
3.0 for eacROgaevereuxed ah{Nugh iAqidmgFJSm 2:88petiRB4)aricavailable g?ﬂﬂ:ibe in
eac g gap; and (Yniersity of WREBhSIK GtietRBULERABSter Group (UWWGCG). The GAP
program utilizes the alignment method of Needleman and Wunsch (J. Mol.
Biol. 48:443, 1970), as revised by Smith and Waterman (Adv. App! Math
2:482, 1981). Briefly, the GAP program defines similarity as the number of
25 aligned symbols (i.e., nucleotides or amino acids) which are similar, divided
by the total number of symbols in the shorter of the two sequences. The
preferred default parameters for the GAP program include: (1) a unary
comparison matrix (containing a value of 1 for identities and O for non-
identities) for nucleotides, and the weighted comparison matrix of Gribskov
30 and Burgess, Nucl. Acids Res. 14:6745, 1986, as described by Schwartz and
Dayhoff, eds., Atlas of Protein Sequence and Structure, National Biomedical
Research Foundation, pp. 353-358, 1979; (2) a penalty of 3.0 for each gap
and an additional 0.10 penalty for each symbol in each gap; and (3) no

penalty for end gaps.
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The am notransferase sequence(s) of the present invention used to
transformthe host cell(s) can be obtained using various nethods well-known
to those of W MVM285y skill in the art. At |least three alternBETUSIIINGCI pal

net hods may be efpl Q%%tran@ferééé seguer’ié&s} %@?r@%rﬂﬂn@entm{\ useoSﬁA

doubl e-stranded DNA se ence rom ge
(cDNA) which cdransforen t (fa&an be obtajned using r«ra,rl@rﬁemeémd%\yﬁlr h@@wa of

the DNA sequenggth@gwlof ordrnarﬁr%krll in théarts thé&ﬁltﬁrééfa!téﬁﬂaﬂ%m& Ma6thbds
pol ymerase chain act|

genom c or cDI\IE‘?YEPaﬁ’Q&%ﬁdbe screened in order to identify a DNA
sequence cofi ndi)f or althe isolgtéom ofcd daubleettramdetiddNAsequence fréar genemig e, a

Spi ngomonas DA R IcohTIBRRATLS CRYR(LORAMHHdEing the sedééggied 10 or der

to identify th ence co %
ami not r ansf er agd) Var itbe shesigah sy §St$aﬁftb@%§eqmlmﬁr @d the genonmic 15

DNA or CDNA |1 hgpri es the synthesrs of the D@%egﬁm By pb Redrgse Ehﬁﬁ'r@aéﬁdﬁnded
DNA probe sequ?éé%i duplicating a sequence pre ent I.n the target
codi ng

genonm ¢ DNA or for all or part of am notransferase can be

enpl oyed i 10 DNA/ DNA hyrblthdﬂé&b n)ach agelnbﬁ'ﬁcdtlclNPCl&iré robé sereenedriad
copi es of the eno P‘ enat u&ed to single

stranded form rde nt]° rden*riy a Dﬁ WHICS %&!&'%Pré Mne F@?eoe
screened for aFgeexample, a SprmmmsmfmoﬂﬂrsrgehomrcaDNPollbrp@rd:arobe

am notransf er a§8re‘é?1'e'?19n r“t?)%&trtli PNA se{u;f| @&ﬁﬁ%tﬁr llor partof In

one typical screening od surta
hybri di zati on aaumﬁrapﬁgrasrehé/ajmmeshmmes cBn éaqusem:omre@ thﬁu@@nqmrc
contai ned 45 DN]A@r&gNA)rbraﬂéscDNA library is first spread out on agar

pl ates, and then the are transferr filter menbranes, for
exanpl e, nitrocellul o§€r examp[?ﬁjﬁp%{ﬁ@@ng}g ﬁ@n‘gﬁ%b&/\:aﬁ’ REAUSBCES br i di zed
or an anti body daplicdtingra Bequence presadt indhe hgrget gen@mtcoDer\ecsrthNAtdw&rg

o Cont e Mgt Qo BP it e oof B AR BE I B Bt o,
of the present procedures eafriedrout om ¢igned copigs obthexgenemisseNADr dNA gt al | y
synt hesi z?i% FAbve been®eNaRired t&f%ﬁ\dws{rﬁ k. codr ng for am notransferase

can be synthesi zed as a ase oligonucl eotides that can -
be sequentially Iigat é\ﬂ?ﬂﬂ"ﬁ'c ﬁw IRfAEY £8P e ?@'?PPPQ?‘P%%P?W or :
conpl enent ary DNArrbnaDr\meqmtﬁngé@r)all or par$ of amrﬁmra‘rmféms@esmrrmndblmw
sequence of nug c%?\ du%ess ' _ _ _ -20 - .
In one typical screening method surtable for either immunoblotting or
25 hybridization techniques, the genomic DNA Irbrary, which is usually contained
in a vector, or cDNA library is first spread out on agar plates, and then the
clones are tranSferred to filter membranes, for example, nitrocellulose
membranes. A DNA probe can then be hybridized or an antibody can then be
bound to the clorres to identify those clones cohfaining the genomic DNA or
30 cDNA coding for all or part of aminotransferase.
In the second approach, the DNA seqr.rences of the present
invention coding for aminotransferase can be ¢hemically synthesized. For
example, the DNA sequence coding for aminotra_nsferase can be synthesized
as a series of 100 base oligonucleotides that can be sequentially ligated (via
35 appropriate terminal restriction sites or complementary terminal sequences)
so as to form the correct linear sequence of nucleotides.

-20 -
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In the third approach, the DNA sequences of the present invention

codi ng forDN?,ng“é%ferase can be synthesized using PCR Bri gjfé_rz%gﬁ@#dg of

synt hetic I'gonucl eoti des at | east 15 bases in length (P
t hat hybri di ze to Ingpeshitccapproact sthef DNAesequegees DRthes prpsent inventicosed

to enzyrmat | ‘tﬁd'uie’gd@@rh% r&ﬂ?f #’é%]eeé%r?gé %gpfh%g Pl LSH::};@F’&F@“BHBTI%{&&PAE&

sequence ura

anneal i ng of t hgsynthetlc @Nﬁﬂ@@ndﬁ@oﬁde%ﬁélﬁﬁﬁ 3 btaﬁésiﬂ'l WMBCR(#”mﬁ@) that

anneal ed prinerg, r¥ﬂ eato%osne strahﬁ‘s%@ﬁé??éﬁmllw§eddbn%€¥&réfds%§ttb0” of
the segnment defined b

VWiite et
L S oonds Bon@nzymaticaly amwity badteryening region of DNASNRR tawie; spdEnce.
gsef uld :c n Ei h(e er@é;%‘étedweI@fsldﬂhe@Odengtufr@ﬁon oftheaémmtéatﬁﬁfﬁﬁlﬁ@eofdhé al so
e nodifie . nmut at
mut at i ons nmay beorgp?rﬁeqntﬁg%tghglpﬁt@W?% teth 'ﬁec’%rtriﬁ? 39[‘%%'3% r?“%ﬁa"ﬁﬁg [B'HA
am no aci d sequeulymerasededulby int amphﬁnaﬁoe\obfdbdsﬂgnmnt defined by theé&)ends af e,
i.e., the rrutatl : u ded by
t he mut at ed codoﬁ8 F%tﬁﬁ?ri'?ﬁér i mwgﬁrgﬁ@@g%ﬂ 5.5 }égé for
exanpl e, byl@utating th&%ﬂ%semsa@@fmt@qméwgntlon codmfome

mutation resul t hipotBRsfePasd bé’rﬁ‘a Friddlﬂéd) 'rﬂﬁ&"t?d ch trfeﬁéﬁ%{] \zeltrirycgjjsor
n

additi on of one or nore 0 aci In the e

vari ous rretrﬁB@é'OEﬁo%rﬁ’cﬂr{“Pmoﬁﬁtmalﬁg? eétB ﬁg‘?%e’&trﬁ  Bp B SNAt
site-directed 2Q:han@ébdl§@@ﬁﬁh6 adﬁsﬁqdb@@elénowédmhe&hut@ted c&ﬂ@vﬁ Pﬁcrhml
2, 636-639 (198 Nucl 8749- 876

Ta r CI ds
(1988) and Kunkdleoeppgate: Rk, fie Mutdion ab¥ bat Hang 55 a3 add sfgudice
be enpl oyed15I n em:ddedcbythblmetalteﬂ codon. 3hese macbﬁﬂchNAJsagmmssnaybebe

hased f
g:{[g gffect ggmngﬂﬂgg% i, for Wésb%Watl%tﬁéﬁmtﬁnR%rgéé dh?%g@éﬁéﬁééﬂsgg
(Arlington Hei grthgt theLmutatlﬁneralults irthe deletion, isuhstituter:t ingertion, invegrsion or
truncation met hogRiitsh GESHd bPRibré AnTAY BcidsSh tAé encb@é&l po@@bﬂﬁd@%mgl\?hnous

791-802 (1988 | b d. _Both d non

degenera’ge rm% a'[rrﬁ g %oglge'ggboye Jew?@(%mﬁg ﬁb)%gr"féétﬁﬁﬂ’qqt\%d

pol y!oepE1 ! dﬁQOO}c mmganessmescribemn MurinBga etehBicT ettiresl €2,686:6891($984)y 30
t Y

et onar < A el NI AT ReBR TR bR b RIS RS i, Nt

modi fi ed DNA andicad. Sopdl§AER, U8e-483 Q85 say be employkst i addition,kitsFoope

of the inventi O%lte directed putagenesT@ﬁna!féé QGF‘&h‘a%erfrotrﬁ"éoM?Né'rﬁfdl 98ndére. tF‘-’orDNA

conveni ently transforned pression vectors conprislng
sequence codi ng $%gMAle, a §ﬁ1f‘hr0@¢"§9f§?”ég sie-direstedoptagenesis ’W’é&fth?r%”fﬁh@%d ably

contain all28r garh Arhersham Qﬂtp ((Arltﬁgeo@%l%ﬁéluED\Cﬁﬁa@'@ﬂbﬂ@dléﬁ@)’n@ﬁzdmﬁéh

glugl:ﬁgtml delggquenc t_rurgs,aélo%umg % ts'aasI dé’sca'%ea \%yers etaelﬁ %ﬂcl AbldgtRes 1621 )

791-802 (1988) may also be employed. Both degenerate and non-
degenerate mutations may be advantageous in producing or using the
polypeptides of the present invention. For example, these mutations may
30 permit higher levels of production, easier purification, or provide additional
restriction endonuclease recognition sites. All such modified DNA and
polypeptide molecules are included within the scope of the invention.
The host cells of the invention can be conveniently transformed by
use of expression vectors comprising a DNA sequence coding for
35 aminotransferase. The expression vectors preferably contain all or part of
one of the DNA sequences having the enzyme(s) nucleotide sequence
substantially as shown in Takada, H., et al, J. Biochem., 109, 371 - 376
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(1991). Further preferred are expression vectors conprising one or nore
regul atory DNA sequences operatively linked to the DNA sequence coding for
all or partWODO/mi’motransferase As used in this context, tRETUSPINII6A

operati vel r ¢ re
cagabl e of )qu I‘QC%%“Q F?“ﬁ@’%ré’%?ﬂgf’ ﬁ&gk@%ﬁ&é& ébnialﬁ ?gﬁ%g?ﬁ?r%
sequence codi niegutatory DNPaaeqmmassfmrat@eely linked to the BRA segippes §pding fO"
vectors of uti Ell EY Phﬁ df*é‘?m%ﬁﬁﬁ%réééveﬂ& L8&d @ué)f:érﬂ@xﬂ 'thé fegm “operétﬂfel? of

"pl asm ds"

t
B e veol alnsesmeans b he rskie 6D BNE S40-hsen A pbaBB Cirihathe

i nvention is i pdriaeeh bﬁd/dﬂthé‘@ﬁpml@mﬂthe DNA sBqoénexpodiagifom vect ors
whi ch serve, equi v:;r\ ent .functions and whi ch becone known in the art

subsequent | y amingiEang Expression vectors useful in the
present invention typExetésyslarwemns of utilitysin te prgsendinveatibn @se ofian imthe

promoter |ocat F(ﬂﬂtﬁf Ipﬁsﬂﬁldg vﬁ?lch P&@F F}&&Fﬁuﬁr)d&fb‘?%%déd DNAIYRPs which,

(preferably an acferi ophage
[err]pL) and fmuhewa@cw prm, mmcgézm@ﬁlct@ tee ghragnesame HQWeVﬁéartf’eof

am not ransi &? ﬂﬁfemﬁ&uﬁé%‘uaﬁ okifdr f8hhs of ei@@fefssi@h vectors which
ani not r ans erase s transcription te mnatl nces and the
r emai ni ng vect%@Neﬁ%"‘é@JEFtefs's‘P Whéé?'htéﬁp n?‘HEI' &%HS r?B(

sequences knowRepgtot he art, for exarrpl e, stability |eader sequences whi ch
provi de for stability_of the ex ences
whi ch provide for secEéPfe(?ﬁ' oV % %%Mg@%ﬁ%sgggﬂlghgéﬁy nceg c\@fﬁﬁ

al | ow ex par ssigimobifeplibatics, raugromater Igea@dtm fmtmiuumteearo ofxthe EWAt he
presence ofg %\gé}ﬁ:%n ‘?e@f‘aﬂwwh'lﬁ Sble'pr8 ?#r sd&ﬂ‘é?sefa% drrbatclftﬁ'lcﬂih

medi um), nar keP® ences are capa pheno yp| C

sel ection in ApL)andielipweddy thed?N AeﬂQO@ense &B&'Ingt 9‘%‘?@&%@2’ such as

centromeres V‘hﬁﬁfhdiféhgf@l%se Then!DNNSéZ]u‘éhablcden\g fopall bepaHasfni d, and
sequences whic Sit

endonucl eases. almo %"@F’@r‘? g‘T"P&’?dol?y Efﬁféscé'&’? aaﬂe%'“a‘s%&ﬁ?c‘i‘é%’fcﬁﬁ andhg
used nust be crmaininy eectot. "Théd expressioneldctarhinedy alsotinclude 3ther [INAI oyed.

For exanpl |

vector  shdl o SEmEIgS BibulidnG i Sphplsy iobity oaRertBaRARESnIch |
(e.g., the trppIqMIdﬂwﬁlra’fablhfdrﬂf,ﬁh@éX@"elsﬁ@ﬁ mpamtaﬁgcretqm@mfesp ReR%r from
Pi chia pastori ghicsrol/ltR foPBebrctibRIoPthd éi@;ﬁ?e?s:oﬁé;ﬁb@ucttséeq@rdeélwhldx Bllewsi on

{rom Fusar | um BY9SS800 (b8 SEHELER A% e oBRatsd - PP Rkeseti ah -
promotes in vi ypseicedofchuthonisforsathér mdpbersam ity grveth heldiuimy), maﬂ_gell hosts.
LTS o 25 P SLGIdRbs \IAn 'DE c4BaSk SPRbARYPheHBEITE SeibaidAf T nvention do
transformed host cells, stability elements such as centromeres which provide
mitotic stability te the plasmid, and sequences which provide sites for
cleavage by restriction endonucleases. The characteristics of the actual
expression vec_ter used must be compatible with the host cell which is to be
30 employed. For'example when cloning in a fungal cell system, the expression
vector should contams promoters isolated from the genome of fungal cells
(e.g., the trpC promoter from Aspergillus nldulans the AOX1 promoter from
Pichia pastoris, and the GAP promoter from P. pastoris). Certain expression
vectors may contain an autonomously replicating sequence (ARS; e.g., ARS
35 from Fusarium oxysporum , Saccharomyces cerevisiae, and the like) which
promotes in vivo production of self-replicating plasmids in fungal hosts. It is
preferred that .th'e yeast expression vectors of the invention do not have a
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-22 - . -, yeast ARS sequence and thus will integrate into host

chronosones wRpdhiiqzes Plasmd entry of host cells. Such integhathfboiddss
preferred because of enhanced genetic stability. An expression vector

as cont enpl at ed yeast ARS sequenesand thuswilltintegrate into hesichrempadmes sipon
br e or ably ¢ he dpPEL bay of néfteeld SubRIctraih Lprehieen sc?é‘“s% o
Takada, H., et aenhancedigrnedie stahility, PHVQXPTeﬁ'@n(VP@@l’)aS qspntem 8?‘9314 hgel I s.

Sui tabi e pronot f‘f?r'éséﬁfﬂnvéﬁmori i%ratqéaéﬂc&a@abw@f (Blfét(ﬁnlgftﬁéfﬁé licdtionmh and
Aspergillus nid

and the AGX B orfBlegration i RngaLeels, Aot reglerahy 4N s%%mw%ﬁ@ﬁ@%
i ncl ude, for exaé’édlféncbl’tﬁsélbﬁéﬂ treTakaud, ¢t., &t alpy ABioshdm. 2189, 3Me- IRGY(1991) in

t erm nat or 1 '
sequence of p. PRhigeE) ST praiit L efaS 1 S REP M o iRe
vector include aAsmxgdlfmsmidulans,dhelmldllhn \aamidaset priohwotanfreey F. axysporum,

| ect abl k bl
mar kero. catg e AOXEARePRobRrbiatiors 1§“'t‘55’ﬁ5"eﬁ“§%‘xﬁ%ea?bﬁﬁe§ e
material s arl® knomdenfqrr@(amnleam tm%t%rmmtpefram Aﬁ\ ni ularba,éhq: RiAeterminator
Preferably, the japs ogpp ofum ‘HﬂﬂdethetA'@XDN’én%éﬂ ﬁermﬁi Qﬁdaﬁce of P.

enzynme is cloned and ex otlc suc
exanpl e, E  col ipagionsy ﬁé 59 orTaeR ALY SbfesyST 1 S8oFincidis a xeaugncs
(ATCC 31537), E.codh forta selectable enarker. chhe sdlbctable ereamkéreis prpferateyl anGbiotic

Cuntiirs o " R obS SplsPanE MG, HEftiaelalie o SEREypfdnty,

Serratia 15 nempmyads All of these materials grg l@@mialthem@ areecopmereially i s
a prokaryote, ex&@% ﬁn or cloning 25 vectors cont ai n| ng replication and
control sequences are derived from ati bl e th the

host cell are used. TheP{afetahly.ige h&ﬁ%@lh'&r"l’@'cr‘ the F?Pﬁ RER, B ggmﬁ ch
gre capab: e ofE pém%yrﬁe rwclbh@ﬂ@n}dpmréﬁett;‘%%mkaryé::c sdchaalﬁEOCdiTEggF%eg I's.

or exanpl e, col’i ha ) [

pl asmi d derived $¥HRP ggﬁ % ?@é 32&2 EaICOI’%éﬂg:o@ 95
(1977)). pBI%S!;Z (ﬁomelmgiwe),rﬁscdlm’tranﬁﬁg o Emdeﬂél‘lr(aarybelenmloyed Other
resi stance and t t S
For use in expregrgligﬁ;o%%ggglai&sny a4 ff&élggahﬂﬁé; Hﬁﬁﬁ\h F ol %gwéﬂraggé)glbﬁésed
contains a pronoard entmobactsrlam&sgcmamsaﬂ@meﬂa lyphiradrium or Serratia

reconbi nant DNA gopsidgyetion for use wi th prokaryotic hosts i nclude the 35
| act amase (penicillinase) an

Nature. )75 615 (ITbae)eral. wilarp s hos celkis Aok, 37120 oF ploning
Goeddel et a5, vectors é@iturnméfebh@éﬁor( afd %bhtr@mbcﬁxérfcbﬁtvﬂ’ﬂﬂwré terved from
promoter system §pecne§]I ccl)mpatlble with the host cell are used. The vector may also carry
marking sequences which are capable of providing phenotypic selection in
transformed cells. For example, E. coli has commonly been transformed
using pBR322, a plasmid derived from an E. coli species (Bolivar et al., Gene
30 2:95(1977)). pBR322 contains genes for ampicillin and tetracycline
resistance and thus provides easy means for identifying transformed celis.
For use in expression, the plasmid including the DNA to be
expressed contains a promoter. Those promoters most commonly used in
recombinant DNA construction for use with prokaryotic hosts include the
35 lactamase (penicillinase) and lactose promoter systems (Chang et al, Nature,
275:615 (1978); ltakura et al. Science, 198:1056 (1977), Goeddel et al.,
Nature 281:544 (1979)) and a tryptophan (trp) promoter system (Goeddel et
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- 23 - ) al. Nucleic Acids Res., 8:4057 (1980); EPO Publ. No.
0036776). Wil e these are the nost commonly used, other mcrobial
promot ers s YROYE26hHe tac promoter (Amann et al., CGenePeB/USIBIBIS

(1953)) have DeANGART ALEA b, g:a0sPPbet) EREPBUbARG, 4858718, SRR LS

their nucleoti sequences have
wor ker to ||gatatsetthermcasm@mmﬂdylu?ednoménam@lal PmeOtQis auctmagrtln@tacb genes

in vectors (Si ﬁﬁ??ﬁ'ldtért A@ﬁaﬁrﬂ et@'éeﬁé&SG%f-ﬁ?@Q)Q ::q;%;ve been constructed

Particularly p erred are ressi_on vectors n
TaLe LAT desur ! (AR WUREOn DR HBIS AanGRTINR AT IUGROe CLINGRE PAYE B9 f or

arrP not { ansf tQF aqmbhghe@waﬂmg@lnsmm Workeitd ligateetheseihifi dﬂaﬂ% in operable
characteristics as pressi on
vectors contai if 0{‘ﬁ@'PJ8§%"§ '%88?‘932 (figbentist et %rﬁqﬂtﬁ%u gé L@éﬁ may be
constructed using st arﬁhrtlwladxcpreferradtaré)ﬂm expressmeoﬁentaxsdesigmam pALt he

art, many of h I

Cloning: A La\g(?ragt %ﬁ%ﬁ%@ﬁﬁ%& ng%dl' BS ti’on, é’rtoﬁﬁta@ the DNﬁas%}eﬁ% cdding for
Laboratory, @lamlsptran@‘ermeb@r exm‘es§mgg;ctors with the ldentlfymgwt@raﬁgnsmg ofs of
the inventign phede @gh«){dé:ont ain an expression - vector conprising one

or nore regul ator nces capabl e of I n e replication
and/ or t hegexpr esgl on agt%‘de)éﬁfﬁﬁ%{f’ YEFIPrs PH'R@H’"E'%%? ges'rech\&”S@&pence
COdlt ng for albl cohtrpPséquEncesimay baeshstracted udthg standard recorriﬁmﬁrftmﬁm
vectors nmay be .0 i nt o,.ho a gun in
'he art. For oXamgies BloksiPnacit, i8hy REBHIck e Hshered in SEMERGL ELAN
vectors can be Melecilad Cianingsy Atlrabapatoye Mayiuah 2ngll gdition, eeld Spring Harbor

pr ot opl ast 5rarL‘.%BBFéfBN Qﬁ)largtphﬂgl PPW)((1é§$er .met hods for introducing

expre55|on vectors electroporatlon biolistic
25 injection, or pr ot @ﬁl'&ﬁt Cﬁlﬁpf)ﬂ?e 'B‘éﬁﬂt&ns@'efﬁ!a lyopjaig an expression

ﬁhcte anI Ie><|0{ ﬁssﬁeﬁrwmwrsuﬁ@én@@ﬁmdr@&é@ﬂ DNA Qea@fbrfﬁél@r cpabRd 6f

expressi on | dsging faseRlain ahpt icetitertian 2any sbstadiely tnkedid o
preferred caseDNA sequencs gpdipg ifotealhor [mrtlbéamquar&fergsam not r ansf erase. 30
Host cel | sygont ai ni “9|EI§<B rF‘?e‘titQ& Mﬁﬁtb%rmfi‘@&&bocﬂ% ﬁb&sce"ﬂs Various

sequence coding for a erase | ed by

one or niasheds kﬂ@Wﬂ an mﬁ/\@rﬁg For e¥agelt ﬁrﬁnsmmeélaa wé@ost ﬁ?"sli)l\(lﬁh DNA

hybri di zati on; expressncﬁ'rb\)edt&% d%fn%@ﬁéﬁlegro@b?flﬁéfb etﬁﬂﬂéﬂf@ Iy@:@ﬂfheﬁiﬂlé&' ons;
(c) assessing the

pt .
production of pmpllea,sgﬁgwfpﬁpgthmn{eg}éo 5“0&@%(,%@@&%@#@ db &'&WHH'"& t he -

gene product i enpreskiogl vetions intrtibst eplls;foy example, eletraporationy bivlistisay bei ng
the pref er3g d [nfé&lo%, %fr pl’&SBlta' “u%?otn', % also be employed.
Once an" expression vector has been introduced into an appropriate
host cell, the host cell may be cultured under cdndiﬁons permitting expression
of large amounts of the desired polypeptide, in the preferred case a
polypeptide molecule comprising aminotransferase.

30 Host cells containing an expression 'vector which contains a DNA
sequence coding' for all or part of aminotransférése may be identified by one
or more of the followmg five general approaches (a) DNA-DNA hybridization;
(b) the presence or absence of marker gene functions; (c) assessing the level
of transcription as measured by the productlo_n of mRNA transcripts in the

35 host cell; (d) detection of the gene product immunologically; and (e) enzyme
assay, enzyme _aissay being the preferred method of identification.
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- 24- . In the first approach, the presence of a DNA

sequence cod, 'B% ohiMesal | or part of the desired enzyne ca ted
by DNA- DNA or I\E& hybri di zati on using probes conpl engﬁflgjrsy %&t he
DNA sequence. in the first appromche thendresepce af B, DNAseagieondicodmg for all

expressi on vect qr ' Wy S I upon
eyor ession vect o gibelnnd cHEHSRLSHE O LOBRIALES I THACHENATDIA P
acet ani de uti | i rybridizatioasisiigaprobes somplemgntansto the BNA sequantsee to
the sane bl asm d a5 tha e aoot Spbroath e BeoRant expréstird fodoPRoR,
| 0 art o e
enzyme under®t hSYFIEGUCAD] dgﬂtqlﬁquﬂag%%%P&%E%qup%iheppwﬁgﬁ OI@fbsﬁe‘é%i to
regul ate the egd@_@daﬁﬂm&?@wﬁﬂpﬁ@@@gﬁ 'aoetamﬁidehﬁlimt'rd{'?rresistancgetoe in
response to induction or selectipon: indical ; t '
r econbi nant expPé’i'bloé'ﬁsv'@d@f;gﬂé%ﬁcwngig%ﬁiel‘ﬁaf;}gg’%géggS’g% 'eAc'ggﬁg%yré al |
or part of the dasibeplacedymthe same plasmid as thd BN#hgequence codingtariall arhe
production of e | : @ i on
Pesays.  For cxaiior oz idenha cofuiafish of hdSanBf o diferdtitiorbinglly I
by Nort her n18l otuseddodsegulate thesenzmoe sedingrsequencas Expressionyobthe mpeker
;girrglsegfnz ﬁre yhg ;gténlé&gnlﬁ%é@p%@ggtauctmtd gf Sélbttich Mdiddd& the pre%@ﬁ@dt;) oftrd @itxgrre
racted and assa r ridizatiagn
to such probes. rg@omLmarrT\?equ%stqmevqcégﬁw IC. MB%%ﬁ‘,e l{)ﬁ@‘ %’e&céi g o&q?l
or part of the dgyparesfthe desiredymynm) be assessed inmmunol ogically, for
exanpl e, by Western bl qgfting.. . ' .
expression of the enzyﬁ@tﬂ&%ﬂ"'{%aw&?ﬁp.Et(ﬁ‘etﬂ)'OdL&'éﬂ&s%'ﬁ%e Wgﬁ%}}%nms
activity usithg loaove assessed.by hybridization assayh&oDikampin radyadenylated RNA
expressi on vect , ) r ; ' ntion
Q;rg bdlsditbdng atrl%ngse%r’oy N%%\Aﬁﬁbﬁmﬁ]@t ﬂ%l?é%ﬁﬂteét

may be determ ned by various ne exa e,
the di deoxy chaia$se¥usinga PEebeeemplenagntary to f@@s%'NAtﬁ@cﬂluieﬁC%aﬁéf@F“%ttVr%ﬂbe

Proc. Natl. AcadetaPlcleléAcidd of ftbRostA@N rhdy béextracted &id bb@ag?étmm G | bert
Acad. Sci. USA 74, 560-564 (1977).

met hod as described n Prqc. tl. . USA 74

30 | t mgﬂﬁliat'ef‘qeéfigg@,row-understood that not all expression
vectors 20and DNA r dgthefourth approachethevéxpres$sion of alh oe pael dfthevelesired
express the DNA S | ' ' | Al
host cells funcﬁ"&X”@q‘g%f5§%%§eg%‘/}eﬁ%9mﬁﬁﬁaﬁ?§w§ﬁ§;‘%@ Peés%?i \é,lr%gfseyr}sqﬂtﬂééﬁt'ﬁb‘
However, one of ordi narlp t&fifth apprearh, expressian akieranzyme ean betmeasuiag iy

expressi on vect Qy%pg Ak YcYividPusinB WA TERetigds, host cel |'s using the
gui dance provi dgjféﬁgr i vmat*out u'n@ﬁe 9 exé)‘_‘e/ri nment a}ion and wiAhout

departing fromthe scope'®PNAEeqaneesof expressia, ety plasmids or DN
25 molecules of the present invention may be determined by various methods

known in the art. For example, the dideoxy chain termination method as
described in Sanger et al., Proc. Natl. Acad. Sci. USA 74, 5463-5467 (1977),
or the Maxam-Gilbert method as described in Proc. Natl. Acad. Sci. USA 74,
560-564 (1977).

30 It should, of course, be understood that not all expression vectors
and DNA regulatory sequences will function equally well to express the DNA
sequences of the present invention. Neither will all host cells function equally
well with the same expression system. However, one of ordinary skill in the
art may make a selection among expression vectors, DNA regulatory

35 sequences, and host cells using the guidance provided herein without undue
experimentation and without departing from the scope of the present
invention.
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for producing
3

cell contai

The present invention further concerns a nethod
am not ransf erase conprising culturing an engi neered host

§0/14265 [ ecombi nant nucl ei ¢ acid capabl e of expPETRISHY19964

ari not ransfer ase and The ofAANRINfiflor LrSiE cBASLAS  ARAASA FRIABUSRY

expressi ng am notransfera

pAL781- LAT.

| L ! € _expression r
aminotransferagg comprising £&itHring anansineared host egfl eentainingare i n

the natural L- recombfiftittingidled 4618 -cabableasitxpeeddind arfimteiilemek \papt i de

nonmencl at ur e,

J

abbrevi ations for

) 0] . - Che, 24 3557- 3559 11969),
im0 i d 1 esiGARANRGA, eXDTeSS0a BT GaPARS SMRIAFSI PG gIstarase.

Cor r espondepce:Préferably thEABipFesSforORRRESRMINSIELAT.

AM NO ACI D
L-tyrosine
Phe

L- met hi oni ne
Ser

L-i sol euci ne
Thr 10
L-val i ne

Lys

L- hi sti di ne
E

Trp
L-argini ne
N
Cys

Tyr Al
r epr esent ed hein by formul as @ose left to

- SYMBOL
é‘ Lettgr amiln_:_c'_)' acid resid@é‘ﬁfemﬁed hergir\f are in thﬁ-'&ﬁ‘%ﬁ' L= Tylr:
configuratiophdnyegpingi wigh standand polypeptide nomenclatunged. Biol.
Cherfit 243, 3557-3559 (1969), &bBreviations for amino acid beBheY A as S

ne . .
shown in the following Table of Caifespondence: L-1 euci ne T
L-t hr éoni ne \Yj val .
L-proline K

H s
L- gl ut am ne

Q
SYMBOE ! L-gl ut miNGAEID |, W
-trypt ophan R . Arg
1-Ipstter 3-Letteasp : L-aspartic acid
Asn L- asparagirbdine C :
L-cysteine am no etci d sequences are
-glye orientation is in

TABLE QF GRRRESPONDENCE
A n

the convention@ direction of aphgo-term nus to lcphéoistanied term nus.

15

M Met L-methionine
A Ala L-élanine

S Ser L-serine

| lle L-isoleucine

L Leu L-leucine

T Thr L-threonine

\Y% Val L-valine

P Pro L-proline

K Lys L-lysine

H His L-histidine

Q Gin L-glutamine

E Glu L-glutamic acid
w Trp L-tryptophan
R Arg L-arginine

D Asp L-aspartic acid
N Asn L-asparagine
C Cys L-cysteine

All amino acid sequences are represented herein by formulas whose left to
right orientation is in the conventional direction of amino-terminus to carboxy-
terminus.
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-26 - . - It will be understood that allelic variations of
the nucl ei ¢ @) ddnans am no aci d sequences useful herein EE"H(&"S@J/ 9¥
exist, or may be intentionally i ntroduced usi ng net hods known 1n

art. These variations tawilllbe undersmedﬂhaitalbahedaﬁgtimob’thenm(ﬂelaracmaad| d

differences in é&ilcgégfdaééaa%%%gg%@ful Théreiﬂ alﬂ)'raﬁy‘?hﬁfsi %%?Bg%tjehgéhé’ly’sa q

i nsertions, inv
sequence. Such inttogbicediusing metheds krgyn fFaSheb%'t Thesenygeations may el e, on

the basis of si hg)' bfrétéd‘b?%@rdrtrﬁore%’rﬁfn@ehméGlfféi’éhd:éé/m the overall sequence,
hydr ophobi city, l'1clt atic nat

[ 0
resi dues 57iay Y\¢§ t'qﬂér SB&% ‘i“H‘s H&?&Q"?WEI‘W&EW&P@@& agﬁit'r%'sﬁfloﬂ‘? Qhcl ude
aspartic acid 1910réra¢n|6blﬁoﬁﬂ§ in sald deqpesdd. | Satly antino geid substitutionsdnay bel ude

| ysi ne and arginin h ne I s or
nonpol ar head g for exarﬁal\gr ﬂa?ﬁ? ﬂ%f"& ﬁjﬁ\l%{gﬁ'@ﬁ&aﬁ?)’ 35‘?8%%%%%329 t he
ffjl | owi ng: | euchynerophebkmychym'pphlhcnty aationthe gmphiphaticaiatuienef, thegpsidugsne,
gl utam ne, seri r

cont enpl at ed va'r?ll%a | ons 1 n&%uraple deﬁ%ﬁbae%@trné &?déﬁlﬁel a or artr'ﬁ Fgqued
pol ypept i del) asndglutagic pc@e@pgwrvgly@aﬁw amino agiflgiRclade iysiraiand arginine;
pol ypepti des, f thﬁééﬁﬁkﬁ\ultﬁ)hﬁéh'é@%%)dwm @inhgérarwnpolar heaatgtréhps uents

such as met hi on 1.0ni ne_an uch
variations are ﬁ&'ﬂgmqﬁngmrﬁpm@'%%ﬂi@s (‘ﬂCI‘ﬂ‘ﬁ‘%ﬁlﬁé@g\”ﬂng nl@Hﬁ't”iee)WO'euc'”e
The foll ovvndng evallmé @ﬁymuhéL@laﬂmteeaéﬂmagmeegtutamn’m;tses:hemmlemhebe 20 .
interpreted as a li tio er eo ite

her o1 ' ar e i nooPpERdelERS WiasTiet  Gthar soptamplated varjgionsdfiE 18RS ahd
Exanple 1 1% eSteepaf the aforementioned polypeptides, as well as precursors of the

N-[ (Phenyl met hoé’(&égﬁ{ E}ﬂeb [pb Maﬁ?fﬁf BQ%&EI«? i)lreétﬂbéllél hdvifg N-termhrfdi "]

To a 3-L, 5-nec
t her nocoupl e, pwmtéuenwchpa%gﬁm@nmub!rfpﬂaulmmqmrzﬁ]am@ iprdergeaHensss.cl |

ggd alggcgng %ﬁ SWCh \%‘Hiéﬁbh%%g% ﬁggjdnédqnltmmﬁelscwpé bfihé\bi&s@wt mengmr aegla .
ysStl |
13.65) ACter cool ing. TheTalowing SxgTiRes Husete Dy MEian bukahongl bS
dropwi se ovE) lmtsiprefedsas aiihiitatibnithgreohe tenmperature at 10 to 16[err]C
VWhen All references cited herein are incorporated by reference in their
entirety.

Example 1

25 Preparation of N [(Phenylmethoxy)carbonyI] L-homocysteine,(1->1")disulfide

@f @

Toa 3-L, 5-necked flask fltted with a mechanical stirrer,
thermocouple, pH electrode, pressure equalized addition funnel with CBZ-Cl,
and a second pressure equalized addition funnel with 1 N NaOH was charged

30 100.0 g (0.373 mol) L-homocystine and 1 L of 1 N NaOH (solution pH was
13.65). After cooling to 10°C, 117.0 mL (0.820 mol) CBZ-Cl was added
dropwise over 15 minutes, maintaining the temperature at 10 to 16°C. When
the pH of the mixture dropped to 11, 500 mL of NaOH were added dropwise.
The pH after the addition of the 1 N NaOH was 7.89, requiring 16 mL of 10 N
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the pH of the m xture dropped to 11, 500 nL of NaOH were added dropw se.
The pH after the addition of the 1 N NaOH was 7.89, requiring 16 nL of° 10 N
- 27 - W0 00/14265 NaOH t 0 raise the pH of the mixture to 1PCOW@SI9NIMEr the

et ea count sNgPFbigaise 1P EEe Ml R £8P AT RERRIHBh YsThekgla"o®
added and t he ¢ompigte bydr-process P&@k@m&ysﬁsﬁ«&bohang@lmmwms\m BMS-he
phases were mﬁﬁ@sgﬁfﬂﬁn 24IK°286 mo rmwwéa@géa%ﬁhgﬁe%&@ré%s 200-

portions of utjon was th

5.4 mL of conc@ﬁﬁqiﬁﬁ&f ut é‘%‘d'"tfwées "R fter kg RaseS Wéi? sgparte Wet@ﬂqﬁqqsogen

for 14 houmss Jﬁ@smagfextraeteaqhmww 200 mL portnoiﬁslbfmaad]métagdeb@sG 11
with 60 nmL of

vas ‘aged Tor SPUNGLIES SRR RHTR B4 mL of sSRERRRE HO e e "

suspensi on wasscloitadwas splargéd Wlthi@lltm@mfomg4d‘lqﬂfb The phbof thelsdlutiah was of

%PZGQBEZ?SJ?GPHWE?{?@*’%? G HYESP L 46} LR Fhey tyroigy ™ P!

crystal aggr eguspensipie plkspengjanswag aged 1o mlmuitemdmng)whtrd%rtmmth@t ed
HCl and t L;S‘r"lrrds Oiwtﬂe%&ﬁbehema%gé éh&édestrﬁ[ ow FIGI ‘gfivuﬁ ‘épﬂ-‘iu”y

for 2.5 1 ecr stals vaguum f rati

ect e
filter cake wed 5@/6('@\%@(@ W?Wtfﬂiagg‘lm%erﬁ_ q%'rtf’lQiYP:;a(ﬂ=H Ri@@r C}Q)'m'-owed
by two, 250- mpf methah@r Weﬁmad@éd BAA tiee efirtyovse heated tbhﬁ°c€tb€bre5'lhe Rihgduct

dried und d 5
(6356 ol « "odnstahpoaBastes’ TRERRS Al et STiffiyt L7 Bf‘c'q“r%gg?raf%q y
HPLC H of 91. I-S)CQ@nd the slurry was cooled to 20 to 25°C. After aging @xtheslurngfor 2.5

Prepar at i
N[err]-[ N 9? Phheoﬁjr rrtgtehc st?!s were | cqll]e_cﬁdhtgy vacm{m filtrati n The ﬂlter cglfe was

itrg
Y- disul fide washed wish rtl}reg55001mloeedmn§ of water, follo wed by VA0
3-necked fl askfishPBeHepahls %o BBwater thé kAR C@he(?rbﬁuéﬂwaé 8RédTDAGEP! €, and

N[ Phosy ! met KESysespransyrs 2t NMERBEEE ratumina 1Y oftockas el 95.4 M%) as 2

white crystalline sohd with a laboratory HPLC Hi of 91.9

>1

20
Example 2 ; ¢
Preparation of N2 [N-[(Phenylmethoxy)carbonyl]-L-homocysteinyl]- L—Iysme (1-
>1’)- dtsulﬁde
J_F 1i
HOzc "“COzH

H2N
25 Procedure 1: _
To a 1-L, 3-necked flask equipped with a me
chanical stirrer, thermocouple, and a nitrogen intet and outlet is charged
30.00 g of N-[(Phenylmethoxy)carbonyl}-L-homocysteine, (1 ->1')-disulfide
(55.91 mmol, 1 eg.), 14.10 g N-hydroxysuccinimide (123.00 mmol, 2.2 eq.)
30 and 300 mlL of DME. After the solution is cooled to -20 to -25°C, 29.99 g of
DCC (145.37 mmol, 2.6 eq.) is added in one portion. The slurfy is held at -25
to -10°C until the reaction is judged complete by'in-process HPLC assay (21
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(55.91 mmol, 1 eg.), 14.10 g N hydroxysuccinimde (123.00 mml, 2.2 eq.) 30
and 300 nL fter the solution is cooled to -20 to -2 .99
g of D%%,o%g(s 7 mol, 2.6 eq.) is added in one portion‘f_"{('?f'%égggfl3%‘5 y is
hel d at -25 houts) O relétiver ark percent N-i@ hengimeéthoxy earhaiydlel -homumoysteiny,

i n- HPL . . : : -
hours. 0" T el at (78 artisde . The refidsate Hieres fror the.feastion n the fiter edke
(1->1') - di sul f istejashadhaithawod  08rral frortianscef B The seluEien i Bpliiatot e,

filter cake i 3 with two, 100-nL portions of DME. The sol ution
: i - Wlﬁgs ;
s split into ?\?8,&'" 2 0 5- necked

0-nL portjons. 5 . To, a 1-1,,.
flask equi pped with aﬂ?e%ﬂa[-niﬁ‘:ﬁgclgqfi ﬁ)qn%e,qmpped Wé‘r%@ﬁngl‘@?‘rﬁﬁf&%ur e
qugl i zeddaddi Eﬂué}m%dwupfé,,pr@ﬁwrg gemiutan.?gﬁgdﬂmbntfum. and a rdirdgen inlet arhr ged

. sSodl um pl cay pbonat e . ed. !
Af t er gdi ssol ut i°(5‘ﬂe£)'§ qr}mgg%&% éé?%%ﬁgg]g’?m E'ﬁaﬁq&b&‘é??ﬂl‘é%gg'%-l'ldygﬂﬂgnd%&tm'
(69.89 nmol, 2obwemten ARerdidsulutidimef tHeubicgrbionatalj17s2td afN-MBdcLdysinet h - 10
10 nL of 10 | . | v Tk i A
OLerr)C and . (68EGnbRy B BY%)E Addd ¥ urry I adRicild b ICOEWRY 48 |
over 2.25 hdur snL of 10WhNa®Hhhio disaplverthe iyaing.cdbeisertionrip epatedrie BE and o
Sferr]C. After tﬁé‘?SberﬁEt%ERIﬁoh%f the aclivélgser ﬁ)fratmeﬁ grg«[r gs@opépg.qs%dﬂﬁéc

anal ysis (~0.5 haours), the solids are he sol ut|on, and
the cake is wadthilg mantaining theaeaetigiblemparatuse ai d to %%?féhﬁéﬁﬁ?t?%‘s

i ch aqueous Sh o D R e o E’H’ﬁ ). e
ri ch aqueous sql.uti i s, di ed wi 0 . cidified to
bH 1. 64 wi tn - dsrad BemipcatEn Bocies cah s fastegvudho, sprmE Poianlr e
organic phaa%e IDMBasTredresiction $6lutioh isextracted witthtvarifdaimt. portiers bﬁWBz% 0
concentrated o . : : i i :
0. 20 "t SRHAF A 28R Soll o /Ly WiRIGRINL GMTBE e, %, o
5[err]C. 9 acidifiecbto pldrilcehwitht =tf el efisansenrpted HChddba phasesese BPHg t he
tenperature be'a‘ﬁwdlhe orgaﬂié[pﬂ’farsb% wiish8l withe1GGI Lt 6ORale?. TPERdrEARIC fHiRe is
solution is warmed to 20 to ZS%err{/C unthJ t he dﬁ.grot«]aa |f%g(£ j udged
conpl ete by i nCRPERREAteAMNA ZREY, SVaporatqrdp a white, grystalling Soiig p1i28- QR fp) et e
(~0.75 hOUZ%), t he SO|‘!1rl1ﬁe: ?midiils dwddﬂ@ﬁnV\iZﬂﬁml L5f DMEadind2ooledte 0 teriiC. 9
concentrated tqg ~ one- , . 0
rt of water andlogt PancaiaPd st 6848 3kl Peltatia YEtetidcRatih® betow
The aqueous sol1&Corifter theld@ddition is ¢ompletef the\svlutian is warnsedtp 20 48i2h°C

_ Cfuric oo o ) : 1 . ¢
bra °0 SVt iy P Ee oot 1 (Ridedruarbists By fi-pRiceds MELT dhdygle, dhnut er
renoved by fil thereamtiogos commletay(rPo Saheurs), the solution is diluted with 150 mL of

Ni- [ l;k [ ( (Fj’_hzaly:c WRitB PN iééhé@fﬁt)’étbd lto g%ﬁnli‘-hélf%[wﬁér Epéxs@imbn is dilu}ed with 100
o)=L ot ey el AR IEDSAC bePlaniEhfmakie [1octions
on a rotary ev afithresdaqueousrebllitjorpisi dddeado 400 @bl PV Foresin (.5 2. fesih
of Nlerr]-[N per eq. sulfuric acid) and the resin slurry is diluted with 200 mL of water and
stirred with moderate agitation for 16 hours. The resin is removed by filtration
30 over Hyflo and N3[N-[(Phenylmethoxy)carbonyl}-L-homocysteinyl]-L-lysine,
(1->1')-disulfide is eluted with 500 mL portions of water. The fractions with
HPLC HI > 90 are combined (fractions 8 through 23), concentrated on a rotary
evaporator, and lyophilized, to return 6.75 g (30.5 M%) of N*[N-
[(Phenylmethoxy)carbonyl]-L-homocysteinyl}-L-lysine, (1->1")-disulfide with a
35 laboratory HPLC HI of 96.4
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[ (Phenyl nmet hoxy) car bonyl ] - L- honocysteinyl]-L-lysine, (1->1')-disulfide with
a 35 l|aboratory HPLC H of 96.4 ' ’

- 29 - WO 00/14265 pr gcedure 2: Di cycl ohexyPEEUSSALIMG4d e
(Al drich, Lot E&%; 4.82g, 23. 3 _ mml) was added dropwi se to a
magnet i cal ly-s

ution of L-CBZ- stine 229, 11.64
mmol ) and N hydr oxysuBligysiahexy!caragimide (Aldrichy d—I-OtK féa“ 820#£3.23. 3

mol ) in 1, 2- dpfigbl W@éﬁdmofﬁﬁ%éﬂe)amdn%ﬂ&ﬁﬁ/ -stirred s6lLitién bELIGBZ®AI Nt ai ned

t 0-5 C. Th 1 [
Sloreq ot of er PoGosyaNa (hetb ¥HEE7 siBo) Bt Evetsidelca oy despidrigh Lot 25
determned 8o 2381:&1!@1 27¢g, 28B3amnidBhin TRaimbtholxy Stharne/ (50amL) whiletieel and

rinsed Wuﬂe %rﬂémgén%%t 6t§"@ﬂ'eﬂgre?écﬁ8n Wn)(turé_ Qfasf%tinteroafbhﬂ%q othe

washi ngs were
A mechani cal | y5%: and @doredsqié}%GuqmermghNM@cﬁaqﬂys |Wﬁ§ fpﬁogﬁd bylelPLC and 73HO1

o1, 5. 749, 23. §et‘é§95ﬂed 1 H@E? Rfe’i@ a'ﬁle? 184S Tﬁ@%i%ﬂ si Qﬂ@&@ fiftbfed ﬂwdiﬂnsed

[ wat bat h
égte i \3'3 g;te? (wgdﬂ—memym@a%@ea Qgﬁ) smehf 'traﬁe apd mweﬁbmgmwerm 64

15 {mpl )dﬂr Op&brﬁglr'([é\d&éncﬁﬁséﬂ gﬁgllgshnuﬁmePﬁ% 23[err]C. Thgde was NACH
mai nt ai ne etween 9 an urjn e addi .
The reaction was V\ﬁ %mlybs)"rﬁ%gL%%zEﬁBS'(?@tcgwggc%i}ﬁs'B% (S&Wﬁ é'toé after
1.5h. The reac?3[dd151; 5. 74m 23.6memob)sn weter (G5tmhywed cobied TEEC(IR an 20 nl)
dth t

di | ut ed C‘f?hr?}ka&@%bba ang TNIRGOLIRS, e 2 D wiR B R LV Bls 7

2. The orgam cadtiveersten37102-170: ¢ phwas edded @steheolution tuUBME (0 mbs 11.64
extract ed 1 mFdKo%Msg’Q 3(3 Tﬁ'@tes betwedfl BG4 alfhteSpWé% ﬁl‘ém??lﬂﬁﬁ

washed W|th water (2 oncentrat ht o
resi due, obt ai PRWeRs %aﬁgﬂ& rlﬂgﬁbefrﬁﬂﬁ}ﬁor\/@)éa ding ﬁ‘f&'aﬁﬁgThwsaﬁm‘y%ed

peIo]EIde di m%‘gI foiswed &y HBLCSanmdétbﬁnmttosieecmmaléte after 1. 5ht Guroeattic ted :
Su uri c aci S 1.C stirnr util on
of the prot ect((é"ad'%(?%%ﬁ% %Fai?élm'% “ﬁ%% g‘g"ﬁé %‘E‘Hﬁdl utr ?ﬂ/ﬂsq)%
(20 mL) with cedrachyvastsetZsige.] eaqeewmlawebwamutadlwmw By ($P0t)
df d 1.5 .
and toun BQ%H‘?({ Scid éfe%rwn%*ﬂmelgél 59@@&3 5"@’(6%92 ﬁe B%Krﬁé’lah/&%% L

wat er : DVE extract ous 30

phase was adj lﬁecp@da theanypgusd anercwwémctﬁawwaﬁ& (zt’ﬁég:mftoeo'me
phase showed awanEneﬁmi@m e@ﬁww wmdwnmwhtérh@z x 40 mL) and

I[—II( ;3 henyl met hox Jn%%kpra% ]The e| né/su:lue ob¥am2§ as(a crystﬁh gln'}c '\Aﬁjaes (76 .

11.14 g. The protected peptrde dimer was used as is in the next step.

25 Conce'ht_rated sulfuric acid (1.9 mL) waé added to a magnetically-
stirred solution of the protected peptide dimer (37102-171.22; 6g, 6.04 mmol)
in DME (20 mL) with cooling at 22°C. The reaction was followed by HPLC
and found complete after 2h. The reaction mixture was poured into 2:1.5
water:DME (35 mL) and extracted with MTBE (2 x 15 mL). The aqueous

30 phase was adjuéte’d to pH 4.25 using 10N NaOH. The HPLC of the aqueous
phase showed 2 main peaks corresponding to N?—[N-
[(Phenyimethoxy)carbonyll-L-homocysteinyl]-L-lysine, (1->1")-disulfide (76 HI)
and the monolysine adduct (19 I). The aqueous solution of NZ-[N-
[(Phenyimethoxy)carbonyil-L.-homocysteinyl]-L-lysine, (1->1’)-disulfide was

35 then passed through a column of PVP resin (60g) to remove sulfuric acid.
The column was eluted with water and fractions 2 to 10 (75 mL each) were
pooled and concentrated. The concentrated aqueous solution of N2[N- .
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and the nonol ysi ne adduct (19 I1). The aqueous sol ution of N[err] [ N-

[ (Phenyl met hggphaagegony! | - L-homocysteinyl J-L-l1ysine, (1-> 1 ' begi388fo ?
was 35 then passed through a colum of PVP resin (60g) to renove su uric

aci d. The E(Bhanyinmm)ey)aaEbwnM]thhompeystamwl]fLr-ly@meaﬁb>z rdisulfide wasni

cac RI% e‘er]r _e[ " tRAPEE ARG S Rbhthie 8f HPI20 F&8IR ?%é)at%ﬁﬁ%\ﬂﬁﬁe @@lsut i on

[ (Pheny! met hoxylesa@wrshby elutingthesplyran yith Wﬁtqr)(%QQué"L)( il h%qbssfw@ Qfipuifateye

ﬁi ? genvgmbﬂfbe héﬁﬂﬁﬂfﬁowugﬂeﬁérrﬂﬂﬁéo?@sig g BSC AGest. '_Erlﬂsélcummﬂvwgeg fe

sul fate r’g)l ng?un%%lgtﬁf’;w&ﬂﬂ E&qrtglﬂgv%v%%l\éﬁn 51(?% gh?ﬁﬁz)g’%mageeiﬁgat est .

Thle col um vvias witht\ieOHeand édctions3 1o 8 (VoOmwageh) wafOpatled, Eomeentratedand
t t

pool ed, concent papgizsdio firiEAREEHARHIEHox By L hdhobisthy E-

N2- [ N- [ ( Phenyl nwshrmmear)bmawwelasrmwbdwowdw(]ﬁg) The ovieyall yield beginning

(1->1")- dISU|fI i el d begi nni ng
from Z- honocyst | ﬁ@%ﬁ@% Eabor at ory %&aﬂ;hﬁH@{ﬁlgh o1

Exanmple 3 1 Am notransferase Purification from Spi ngononas pauci nobilis
ATCC 202027 (Previously identified Bga dononas sp. SC 16113): 15
Fernment ati on process for growh of Spingonmonas CC 202027 was

devel oped for the production of dipeptide am notransferase. D peptide

am no transfer ageninatransferasd Putificatibh fram Spingomonas pahacimbbilisxkATEC on
(L1 ) - dr sul 1 1 802087 (PRaVIGgh e o PRBUHGNTHfdS Yp. St 16f1aR>

- Cct ahydr o- 6 oxo- 4- [ (phenyl met hoxy) car bonyl ] ami no] -

/Hpyrido-[2,1-b][1,3] Fahﬁéﬁ@naﬁé% (EEL kd\ﬁtha&'@bm b%ﬂagr/m:@qozow
screeni ng of the Brlston?%y ul cu rec | I'ecXi on ro nt al
i sol ates. The fWessiavelq fg’(&% °§é’ etacgnlgggans Eﬂa‘&g{e
&Eﬂ[ nO} ; ?Esfog[ aﬁagﬁ% trahsferade, Zh?xllntmcéﬂuléI%SHt(llé[' enzyme dsedrfbr the omdatzon of
er a X0

car bonyl ] am no] KITIL@F{@? T‘f?rlmw‘{a%ggw H‘ Wé}e)nyl] L'lyS'Eﬁ'rg Pd!:su!if!:qed,
fS ;)r n}[ed/ hr]{ 20 a{rtaMSf(#at éan‘!Ga[S)]h@ntaMdjo-eﬂ‘-omM(i)hanwmethoxy) galtmnbll]?i’aalﬂéﬂg54

arting from - T ifie
fold with a speZﬁfF?}?dgc?q E@gth]é@o@%ﬁaﬂége{ﬁ?%wﬁﬁ gluﬁ
36600. The puri sqzr@@mrtgqofpth@ aleMVﬁts Saeigboeltare mﬂer:@sae \ﬁr@nmﬁn tal
chr omat ogr aphy, 1sBM§§|Tﬁ@fé?ﬁ{é?ﬁ@t|&p$wms§Wd%f§ﬁa%a phy 5@0(1_ ERWighyst S

200 o um chr oL el Sl ] 254 TN L SRR s g

25  4-[(phenylmethoxy) carbonyl]amlno] -7H-pyrido-[2,1-b][1,3]thiazepine-7-
carboxylic acid, formed/hr/ gram of protein was achieved after 48 hours
growth period. Starting from the cell-extracts, the aminotransferase was
purified 354 fold with a specific activity {mg product formed/hr/g of protein) of
36600. The purification procedure included DE-52 ion-exchange column

30 chromatography, phenyl sepharose column chromatography and sephacryl S-
200 column chromatography. The purified enzyme after sephacryl S-200
column chromatography showed a single protein band on SDS/PAGE using a
silver stain. The molecular weight of enzyme as determined by gelfiltration
techniques is 81,000 daltons and subunit size as determined SDS/PAGE is

35 40,000 daltons indicating that the dipeptide aminotransferase is a dimeric
protein. The amino terminal and internal sequences of the purified protein
were determined for cloning aminotransferase gene.
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silver stain. The nol ecul ar wei ght of enzyme as deternined by gelfiltration
techniques is 81,000 daltons and subunit size as determ ned SDS/ PAGE i's 35
40, 000 dal t ¥RAOWHMAScati ng that the di peptide aninotransfer asECT/ES®/Iddater i C
protein. The amino termnal and internal sequences of the purified protein
were determ ned for cloning am notransferase ene
- 31 - Growth oftPse ‘ 434 £e1dasks i n Shake- Fl asks

One vial of organi sm gge \néﬁﬁr drg ameﬁpwb@hsed%macum‘te f’l@d'rﬁl%f"?ﬂedlum A

&?2& ?i akgf]erlr ]5{8@%8&'%] 55& %k{dy%%sé/" ‘%yaa@(:%ﬁtlr%ure‘?%rgb(?%%é 28 [err]C

and 80 RpMPIQy, 0181%oMgSOypand 0% NaQlt Guliurssaere. grcm@ atiedi@andi of

aron in 4.t 280 RAiel AR5 T2 oEHs bRl shekek QEALAMA S INE 2 1575

shaker. Cult ur egltureweas transfetred de sneditenyofqaediunt Agulteresaveregroan i 4el f or

15 m nutes, é&% %P}g%%‘avﬂ(ﬁﬂpikpfor%%&hglgﬂda %taﬁpsl'[ g?]@ulflpéé hyateed.

Pr epar at i on Of ar at’l on ce extracts

were carried ob@rvgsted by pentrifugation|al 18000 x g for 15aRdteswrells weramacoveressi um
phOSphgtSWJff@rﬁd Bidr@d%t(mlf@%fntll“ﬁ%@d 10 msggd Cﬁl!’il ED(Ti 9)T wte[]e .
suspended in ai ni ng o the ce
suspensi ons, gﬁep,aramggéew Ret sol ution in ~ isopropanol and 0.1 nL
of 0. 3 MhDTT wer e adderkpatatidn sisaliendiantsweadearried out\ah, 4-FEC.Cells sprewer e
passed throug
di si nt egr at edm(\:’g? é@%ﬁeﬁémP%sé@g@ﬁﬁo%a&%&%ﬁa%ﬁﬁ OéBUﬁ&nR) err]C
The supevashethcekso(2.9) Wﬁrwwaﬁdsdamflermle@ﬁguffew@pnta«\nmg1 red to
glssfﬁlt Lgrgt engéﬁHﬁ‘ﬁA Flthe éélﬁrﬁgéb%r%%sob TfﬁfLeoft)me%?ggAﬁlT ¥ Haﬁ% 2’6580 .
psi (two passd@@ﬁ’m&ﬁﬁo angol\{i Qﬂ%ég\&fzﬁé—‘&@ﬁ @&%ﬁfﬁ%ﬁ%ﬂ%&@a 6/95 000
#hg for 30 M g, wet eélls) aedre passed tlﬁbﬁglﬁ@tﬁenc? PreséEatZM@ﬂ)O@tspﬁ)pr%sure

e reaction S
[err]L of 10 %W“L@Pf'ﬁ%&’&‘?e‘bﬁ% é?eecerln ﬁtrgt@?) m gﬁ%ﬁﬂeﬁ‘ 43‘8‘?'u??%n
(50 ny/ reupsroatant selution @ptalaem after ¢entrifugagion ss)cafelrred to as cell

err] - ket ggl ut t ture
\[Nas !ncubgged %{‘a%gs(err C at %%Cdf more thaﬁ%@ m%lum&‘jvé%ﬁézh@?rﬂgﬂ% nm -

of sanpl es mer"é”ﬂél@éﬁ"%ﬂ#ﬂﬁ‘éeb@mﬁ@ﬂb‘f qud{“{)ﬁjd%%@ PW(WO‘R%S%Qé&P Af t er

one hour | nCUQﬁQh@qm&éd’céﬂ@M&b depdrifuedaeR81000ex g for 30 minto ebtadceslpni trile
was added to th? ution. Sanples were analyzed for Nerr]-

Enzyme Assay

25 The reaction mixture in 5 mL contained 2.7 mL of cell extracts, 30
L of 10 mM pyridoxal phosphate, 1.95 mL of dipeptide dimer solution (50
mg/mL stock solution), and 75 pL of sodium a-ketoglutarate (80 mg/mL stock
solution). The ré_abtion mixture was incubated at 30 °C at 100 RPM. At 1, 4
and 16 hours, 0.95 mL of samples were taken and 0.05 mL of TCA (100%

30 wiv)was added. After one hour incubation with TCA at room temperature 1
mL of acetonitrile was added to the solution. Samples were analyzed for N*
[N-[(Phenylmethoxy)carbonyl]—L-homocysteinyl]-L-lysine, (1->1)-disulfide and
((4S-(4a, 7a, 10a_B)]1-Octahydro-5-oxo-4-[(phenylmethoxy) carbonyl]lamino}-
7TH-pyrido-[2,1 -b1[1 ,3]thiazepine-7-carboxylic acid, concentration by HPLC.

35 Protein concentrati_on in cell extract was determined by Bio-Rad protein
reagent using bovine serum albumin as a standard. The assay mixture
contained 1-10 ulL of enzyme fraction, 0.8 mL water and 0.2 mL Bio-Rad
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[ N-[ (Phenyl met hoxy) car bonyl ] - L- honocysteinyl ]-L-1ysine, (1->1")-disulfide

and [ W&o 7[err],
10aferr])] 1- O?t g’#ﬁro 5- oxo0- 4- [(phenyl met hoxy) carbonyl]am no ‘]’C-Tm.sggllg%“

7H-pyrido-[2,1- rb]agenB]Aﬁaralzmughen‘mrmthbcaQstam of, salutirewas aneasureg atiPLC.
35  Protein cofgepty %e%ric%nfrﬁ%n 3¥Pfcﬁ8ﬁ1 W%cglﬁh%&éﬂ fEHh % ﬁéﬁqﬁ%dgdragh

protein reagent standar
m xture carivednwith DOYJOG[S@NW‘@'B‘F'"%Q?ﬁﬁaﬂqaé‘épmiﬁ'n 0.8 nL water and

0.2 nL Bi o- Rad Growth of Spingomonas paucimobilis. ATCC 202027 in a Fernightor

reagent. After Through_ Ny XI ng [ Ne apsor ?ncm on_was n&amg

595 nm The concentrat%ﬂﬂﬂ&ﬂéﬁt@%ﬂgﬁiﬁ WRRE rovdy 19 gr aph
geri ved wi th bdermentoes unnﬁirﬁnmsmoagosmddanm cordbiming 1.5% peftond, 0.01%

pi ngononas pauci LI LS b )

Shi hgomonas. paUtebAKIrRE: OREEKESE 0 B RoHER OB £ NSO 0.2% NaClory o1
cont ai ni ng 500 0.025%8ACLand\0di2&% iDdw § oisgeandifnameGrawibiconsisted pé bwo
extract, 0. 2% KLEEGHm G0t AR iagls Ghd' 6l B afdh Mae. Inoculuf: 025% SAG

and 0. 025% Dow Corni ng i Ste cul um
devel opmentlOst é@@'@mebfr@ﬁsé&tﬁ@@tfgﬂl@d Et't-’ :§§Q995L Hvtha Ehﬁl&ge @efmaspmhof

; ‘,-v R imbb‘ilié.h@T(E 202029 wis ingeaRiled irkb 100 m} of

2B IQP%%%Q%Q% 05% MySO4,
0. 05% yeast extMgSOA,@ @ﬁ%xeamym 0596 N4 SO0and.06% MNaCl, and GACR. The

growt h was carregd-0thel was ddrAsd Sutin 560- rﬂ'é]sl% pelg 260,460 RPM Yor 24
F%s?gge,dl}S- n. o ﬁ

hours. In the stage cu ureo or gani sm was

i nocul at ed16nt 24 hburst Imthdi b2stagen 104 mlL m Bt Bt@mcultmemoa;amsmm& and
250 RPM f r tah mi

wih a L o Ghoddalinto ?Eﬁ%"‘ﬁ%ﬁ@m“”r%% EBICHRY MeLifofeR%ay 203 il 250
agitation with FBiyl for 48 qi'N}ﬁ(I ef r@enwrcomemms)ma@pm Awﬁ%mcﬂ@thﬂsWGhtfalek

pr etSSU:C‘ €. Pur | ngf Dstaerineaulaim Q’ﬁt}! fdﬁlll’t 8t 28°r€ 411 220/ R | & nB&wmh%dDy
centrifugation of .cu e r Ver e

ot epar cd-as deddrVUE" @ef minpte) BIER A4, 70 lﬁﬁ@%ﬂ%"n@saeﬁ rpaThe
specific aloi V|fe5m(an'@t|oh celisdwete penadicklly Harvestedrbyt eantjifugation fiasn 200 mi
det er m ned. tb&éﬂﬁgyéé eg(ﬁ1 Its \were r%'egared as F?scf_rlbeéisear,ler to assay for

N err]- [N-[(Pheny car stelny
(1->1') - di sul f ienzymeriag (ﬁj&equm i pefivity, (rrmai[@rlod}lpq fprrmd&f&m@foprstemb 4-
[ (phenyl et hox?agaé@;ﬁyﬁddﬂm no] - 7H pyrido-[2,1-b][1, 3] thiazepi ne-7-

car boxylic aci anal ysi s er d usin
Hewl et t - Packar cPHB)Anajygjs for N* H)"Il[(lﬁ oxy &’Mwn The

mobi | e phagg sqysiﬁét (14> BQ-disitfiierand m_B_-(M& P, 110dp)11c0ettw e 5aniod4{ TFA) in
water and sol vep eggj@%@p&mny@g&ﬂﬁéﬁi&-é’(obé}ﬁeé]%aééa.hs. 30%
carboxylic acid
HPLC analysis was performed using a Hewlett-Packard (HP) 1090
with a Vydac C-18 reverse phase column. The mobile phase solvent A
30 containing 0.1% trifluoroacetic acid (TFA) in water and solvent B containing
0.1% TFA in 70% acetonitrile: 30% water. The following gradient of solvent A
and B was used for the separation of N*[N-[(Phenyimethoxy)carbonyl]-L-
homocysteinyl}-L-lysine, (1->1')-disulfide and [4S-(4a., 7¢, 10aB)]1-Octahydro-
5-oxo0-4-[(phenyimethoxy) carbonyljamino)-7H-pyrido-[2,1-b][1,3]thiazepine-7-
35 carboxylic acid.
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and B was used for the separation of N err]-[N[(Phenyl nethoxy)carbonyl]-L-
honocyst ei n%-L-I sine, (1->1'")-disulfide and [4S-(4[err], 7[err],
10a[err])]1 Q“A’f‘f}ér o- 5- 0x0- 4- [ (phenyl met hoxy) PCT/US99/19964
car bonyl ] am no]ls_yg-'p1 i do'ﬁ@O%Bb] [1, 3]thiazepi ne-7- 35 carboxylic acid.

0

O mn---------->% )0% A -15 min---------- 50% B

- 33 - 25-26 mirg=-25- @B - - 10098 ' 25-26 mn -- 0%B 26- 30
mn----- 098 26.30 hite--flowy@te was 1 ni/nin. The colum tenperature was
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Preparati qp of meAbmeoF NAGNS(PRS/ IIRetHdx§ita?bényilL-homdcystdifyielysingvgne 15
washed with 25 o‘fa g.iig{[;lgi[éhosrgyhate t))(gﬁ er pﬁ-&ao (ﬁffe@g\)@%nd@q
washed cells (2 dg’*}‘ I8 'SusPhded in 1 L of buffer A containing 10 nM Na-
EDTA. To the cell suspensions, 0.1 nL of 100 nM PMSF sol ution in

| sopropanol a : fa 305 re added. Cell-suspensions (20%

W, wet cells) tigh &t Artindirkhotra with a Mcrofluidizer (M crofl uidics,

Inc) at 12,000 psi (tRweparation ¢f-cellaydnactswets earned guaat di-¢éS0.Cellgwere

centrifugqd at\?;généboﬂitﬁ 2% il pSBsSiuph pRosphate bgﬁéggﬂ &G'(ﬂ)ufégltﬁ(%ﬁé- The

(1) DEAE. el | ulWaeh Pl 2R B GapRYae it 1L of buffer A contaigBg| 0l Rat s
,orded o1 Lo, R SateabmeTA I, of(DaBt e sm b Lo
400 m. of bu iSpPRPEBAL kg o GF NG esim ateed. CHMER G Re N80 Lt e
with a 2L gradiVéhtwef calls) vere A cont aining NaCl fromo0.2 -0.6 M
Fractionsoaf isiftedtfed ith bcRshuidizar (MeRTIURAS, Y 192,60 pehns* 30
specific activity re pool ed. ) ]
passage) and disintegrated cells were centrifuged at 25,000 x g for 30 min to
obtain cell extracts. The purification of aminotransferase was carried out by
following steps. |
(1)DEAE-Cellulose Column Chromatography:
25 The cell extract was loaded on to Whatman DE-52 column (400 mL
packed bed) eqilibrated with buffer A. The column was washed with 400 mL
of buffer A and th_eri with 400 mL of buffer A containing 0.2 M NaCl. Enzyme
activity was eluted with a 2L gradient of buffer A containing NaCl from 0.2 -0.6
M. Fractions of 20 mL were collected. Fractions containing the highest
30 specific activity were pooled.
(2)Phenyl Sephari_)'se Column Chromatography
The poo_lé_d fraction from DE-52 column was adjusted to 1M
ammonium sulfat_e (132 g/L ammonium sulfate added) and loaded on to |
Pharmacia fast flow Phenyl Sepharose column (150 mL bed volume)
35 equilbrated with buffer A containing 132 g/L ammonium sulfate (1M
ammonium sulfate). The column was washed with 150 mL of buffer A
containing 1M ammonium sulfate and then with buffer A containing 0.25 M
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]£2) Phenyl Sepharose Col utm Chr omat ogr aphy The pool ed fraction
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&rsh
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e washod wi oty Reoniefhs fopbfiui itete TORAS MIDM akhShiund HAFAE, 20
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then with buf f efrastions2fimlg veresolected. The most active fractions were pooled and
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usi ng an Am con YM -TIO0 nbr ane I[frafjo .3] S 0)
Col unm Chr onat ogr aphy The Concentrated %rﬁtéorb s EMFPER éﬁ‘?%%gféﬁ?ﬁé%’lfaﬁe% (8} om
A con step wastd $apteacrghS-200 cdlomBe@dbaanly) ediititratacowitimbuffes . frrgction of 10

equilibrated wth raction of 10 mL were collected. 10
Sodi um Dodecyl %@gﬁ%@@{ﬁﬁtef ecte

_ Tat yacr éljarri de Cel -El ectraophoresis (SDS/ PAGEE
The act i ve 0 acSodiusn Dogiecpuliate Holyacrpamide GerElestronhpresia(SRS/PAGE),
the hompgeneous. 12, S PhSat et e e e aere-evalyatefsi g
. 5% T wer e 0 a
buf fer cont ai ni By Sﬂﬁﬁ@ré&i‘%—éﬁécf'g?d Mgﬁha%\g/ﬁ%rgIgé%q%ﬁ‘rﬁgyl@armama,
\t,v:trﬁacft ijC ?Cilg%inﬁith&hg&;&g@én%@SS saAX5%Phastgel The ey seaanples Wéreda:jdddawre
s heated a e [ . nu . : t
0019 Gal s wer @ aPaFRbgovAnRa APEM iR REWERT TR SeuSlaaliindc, ¢ oci g
[sol u} i on. I\a(fr k efetraaicktic bait) piHi8 n215% SIDG ang 53 B-roernaptoritiapdlod pRdnixtuEe
err 94, ' e I ' , ' ,
caboni c 20 anh@grg@e %3{1383) C@?ﬁﬂ@ﬁ“‘%ﬁ %gélbggl nﬁpgﬁtaiogrm?%h%%%ﬁ%wm
a-lactabunin  0.01044Galsoyere stainedavith filvaitstain apd dasteipgddp 1024 gretioacid
fot orm ned by olution. Marker with SGRIER) Rl Rariréignt contaied phospRd9Iased was
( . oqr ing a.
Super ose- 12 col (#h0¢Qs bggmecqﬁrxmlalgwln %172'89 ,ekfﬁnﬁwgg"%ﬂ#ﬁ@r@&&'% th
buffer A T anhydaks¢80 @090 esoybean Sspsiciniibitor (20, 0@ &-factatiingn) was
applied to the @?‘4% and eluted with the buffer A at a flow rate of

0.4 mbl/mn. Fra *of 1 mL were collected. Standard protein m xture
cont ai ni ng t hr yBetdratinatigre 6dMoterular Weight of Aninpansfe@sewy , Hunman 30 |1gG

The molecular weight of aminotransferase was determined by
Pharmacia size exclusion chromatography using a Superose-12 column (15
25 cm X 1 cm). The column was equilibrated with buffer A. The
Aminotransferase (Sephacryl
S-200 fraction) was applied to the column and eluted with the buffer A at a
flow rate of 0.4 mL/min. Fractions of 1 mL were collected. Standard protein
mixture containing thryglobulin (669,000 MW), ferritin (440,000 MW), Human
30 IgG
(150,000 MW), human transferrin (81,000 MW), Ovalbumin (43,000 MW),
Myoglobin (17,600 MW), and Vitamin B12 (1355 MW) was also applied to the
column and eluted with buffer C. Molecular weight of glutamate oxidase was
determined from standard graph.
35 Aminotransferase activity from cell extracts of Pseudomonas sp. SC
16113 grown in shake-flask cultures were 0.2 mg of product [4S-(4], 71,
10aJ)}1-Octahydro-5-oxo-4-[(phenyimethoxy) carbonylJamino]-7H-pyrido-[2,1-
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(150,000 MW, human transferrin (81,000 MN, Oval bumn (43,000 MN,
Myogl obin (17,600 and Vitamn B12 (1355 MY was al so applied to the
columm and e 9t°8@4Wth buffer C. Mol ecul ar wei ght of gl ut anatRETASINA9964 Wa S

determ ned frorg Jﬁéé‘]ﬁ?@%@ if @Earb&ghc a%% methyl é%ﬂﬂi%ﬁn‘?é’t%ﬁﬁﬁscﬁ by I\N

fromcell extra seu onbnas I'n shake-fla
cul tures were @RSHVily ohtaimegtin thcgllg after centrifugatiqn %gql}u_[e broth mdlcated
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cent ri f ugat 5on gaucimbbiis ATGO 202021 Tattled ) that the enzyne is

i ntracel | ular proteiln. f om
cell extracts of Spi nJhe punfedSprotem nnﬁgb%] W%%W%"b élgqger
The purified prbandmfqroian@@hl%SB%AG&a@ormmdsagl@)a moleciiarsweightof

band of protei moogo@d%ﬁ% ﬁ@fécﬁl%?%glﬁlgoft@rmeﬂ‘ﬁréféﬂ Was‘ﬂ%’té&%n@é b
40, 000 dal t ons

| ecul ar wel h otein s deter d by
gel -fil tration 96hTH80RALE up@ff&ﬂ-u%ﬁo p@%?’sté%#?w FaPlecuRr 10
wei ght of }mrl Wweightrsfgiuaifiedi srofsl® (08 1600 @&lfoﬂsﬁdd@étlh@ﬂ'_ﬁ;thﬂ[ﬁeﬁid@em i de | and
am notransferase .l s _ e am notermni nal an
i nt ernal sequeﬁé@anfrgB%lPF%Eﬁee% agé ﬁte&cﬂggtem am not ransf erase was
deternmined to synt hesiFle amigatetvinabandintprrstb ssqéience of puriffedrdipeptidg oni ng
of enzyne. 15 faminot-Fé‘xl?éﬁré's'e was deterhfifed to EKLSheg&legﬂ@oﬁ%l%b ?P?-éﬁe%l for SP-

Activity Purificati
(Units/  (fol @yrther cloning of enzyme. (mgs)  (Units) rrgs).
Cell extragg 800 2544 400 - 157. 1 DE- 52 150
?5436 219 1113_'2’_91_?§ephar oseg' ° Sepﬁggm 40 20 1. 32' o 53 >
3666 254 S- 200 Exanpl e 4
20 Step | Volume Total Total Sp. Activity  Purification
(mL)  Protein  Activity (Units/ (fold)
(mags) (Units) mgs)

Celi extract 800 2544 400 157 . 1

DE-52 150 57.3 219 1462 9.3

Phenyl- 120 5.04 93 18476 117

sepharose ' :

Sephacryl 40 1.32 53 3666 254

$-200 '

Example 4

20
' Production of [4S-(4], 71, 10ad)]1-Octahydro-5-oxo-4-[(phenyimethoxy)
carbonyljamino]}-7H-pyrido-[2,1-b][1,3]thiazepine-7-carboxylic acid, from
N2-[N-[(Phenylmethoxy)carbonyl]-L-homocysteinyl]-L-lysine, (1->1’)-
disulfide using Aminotransferase from Pseudomonas sp. SC
25 16113(Spingomonas paucimobilis ATCC 202027):

Reaction:
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Production of -[4S- (41, 71, 10aJ)]1 -Cctahydro-5- oxo-4-[ (phenyl met hoxy)

carbonyl ] am majeoftd2eyrido-[2,1 -bJ[1 , 3] thiazepi ne-7-carboxyl igerAtdetlnodss OM

N -[ N-[ (Phenyl met hoxy) car bonyl ] - L- honocyst ei nyl ] -J< ' (1- l?f

nsf &Qble from Pseudonnnlé‘sﬂetéﬁ\{‘ﬁé%%% gﬁt ate
bi |4 s ATCC 202027): React i on:

N ery] Pr f Cell-free Extgacts:

5 Approxi mately 700g]of Pseudpnon : 16313 ce 40; rRecC ;

Tank 122) were suspefided in 85 L 0. ~pghoptpat eybuff er PH -+ 5 mM

EDTA and honogeni zed with a [TekmBT aborjat orly hotyog Risgpm se\cel

were then centrifudged atH2N{ &ry].C for mn a-12086—+pm e slperpatient
6 IM ph&pHzP2!

was t hen di scajded. Theg cells werle resuspended in 3.5 L

buffer, 10 pH 8; cbqtaini nghdmM DTT, St v PVB ~nAnd 5mM EDTA. The
honogeni zed cel | - suspénsi s re then passed tw c& through M crofluidzer
(200m chamber) at 7508 psiN.t o prepare pip6et ohé@er extracts. The chanber
and the cel | - su&pdiNT on chilled to E[err] C prior to the cell

di sruption. The cepl exgdpct was then centrifuged to renove the debri
(4 C, 13000 rpm 3 15 hour).

di sul fide using Am notr

16113( Spi ngormnégzm);lci
- 36 - (N

Preparation of Cell-free Extracts:

5 Approximately 700g of Pseudomonas sp. SC 16113 cells (XP9540; Rec 50;
Tank 122) were suspended in 3.5 L 0.01M phophate buffer, pH 8; 5 mM
EDTA and homogenized with a Tekmar laboratory homogenizer. These cells
were then centrifuged at 4 °C for 30 min at 12000 rom. The supernatent was
then discarded. The cells were resuspended in 3.5 L 0.1M phophate buffer,

10  pH 8; containing 5mM DTT, 1 mM PMSF, and 5mM EDTA. The
homogenized cell-suspensions were then passed twice through Microfluidzer
(200m chamber) at 7500 psi to prepare the cell-free extracts. The chamber
and the cell-suspensions were chilied to 4° C prior to the cell disruption. The
cell extract was then centrifuged to remove the debri (4 °C, 13000 rpm, 3

15  hour).

Reaction Conditions:
To the 2 L of cell-free extracts, 10 ml each of 10 mM pyridoxal phosphate,o-
ketoglutarate (80 mg/mi) and NAD (20 mg/ml) were added. The reaction

20 mixture was mixed gently with an overhead teflon agitétor (200 rpm). To the
stirring reaction mixture, 120 ml of N*[N-[(Phenylmethoxy)carbonyl]-L-
homocysteinyl}-L-lysine, (1->1")-disulfide solution (50 mg/ml) was added. The
reaction was carried out at ambient temperature. Aliquots were taken out
every 0.5 hrs to measure the amount of [4S-(4a, 7«, 10ap)]1-Octahydro-5-

25 oxo-4-[(phenylmethoxy) carbonyllamino]-7H-pyrido-[2,1-b][1,3]thiazepine-7-
carboxylic acid formed. After 1.75 hours of reaction, 200 ml of TCA solution
(100% v/v) was added, and after mixing the pH of the resulting solution was
3.1. To the reaction mixture 1.8 L of acetonitrile was added mixed gently for
15 minutes, then let stand at room temperature for 2.30 hours. The quenched

-37-



Reaction Conditions: To the 2 L of cell-free extracts, 10 m each of
10 M pyri doxal gdhosphate [err] - " ketoglutarate (80 ng/m ) and NAD (20
ng/ M) wer e YA 265The reaction 20 nixture was ni xed gent | PCRIUSRI/EAq64

over head t ef | opeaatidrefmitufe’R8s YN centfifided to remo%b'pfréd:nﬁ@at’éﬁ%frbtéﬁﬁb gl xegre,

120 M of N Ph t
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car bony! ] an® noFOM3epgeld @ product masiopinedaz epi ne- 7- carboxylic acid
forned. After 1.75 hours of ireaction, 200 ml of TCA solution (100%

v/v) was added, and after M Xi ng the pg of ttie resul ting solution was
3.1. To the reaction mxture 1.8 L of | e was added m xed gently

for 15 minutes, then let stand at roomtenperature for 2.30 hours. The
guenched

feaction i xt uBloying #nd ExerRssion eLAMInoNERSIArasp S SRINGEMANAS, ns o 4
[err]C 10 apaudimnobilis/ATEGC 202027 ifmto Egahenehmgﬂm c supernate was used-
for isolation of product [4S-(4l, 71, :

10aJd)] 1- Cct ahydr o- 5- 0x0- 4- [%Phenyl met hox y)

car bony| ] ani nopmpifiggtioniof 8 ZOR ilag ,g]tmrraﬁegnwggrom%mmow d. About

5 40Mroyiel d ghyghiibie ATBE ZBICE MSRinotransferase gene - _
Exanple 5 ferase from Spi ngononas

10 pauci nobilis ATCC 202027 in to. Escherichia coil: Amplification
of a PCR frmgment cor Thepysite amitictrarfeSsengo@miAT) was found towonvert NSTCC

202021 1o 0SB s arlshpooy RGP 39 A 5
[ N-[ ( Phenyl met (fx¥he dysinomghjintransieragetprotein (LAT) was perifigdifrom ) - di sul fi de

to (6). g@ﬁmw ?OEDQ?%H |&;Laﬁh10"‘l%ﬁp gﬁb‘?ﬂefﬁeﬂm

Spi ngonmonas pa erm na | nt er nal

pepti de sequenE%E“%?%q‘éfé't“@terW@djetﬁ(Wﬁgd dﬂ'?‘ﬁ@r?ﬁ@‘l’@éﬁ ‘PW%Q@%@F gnthge 20
am no terrgoal amﬁﬁmdmwynwmsmdtﬁeﬁﬁewtakm@qnmmsmmmlthé highhi gh

G+C content of G+IE‘,ecoS|9t pgfﬁ?ue? IR&(SJT%OHEQ 'pal.us,lm -E)?f% K‘P&%Oﬂﬁlloﬁ@nor{mg rrl

lle The  Pro Leu Met  Pro Val Tyr
ATC/T ACC/G CCG C/TTG ATG CCG GTC/IG TAT
The DNA sequence is SEQ.ID.NO.:3and the ammo aCId sequence is
SEQ.ID.NO.:4

25 _

The downstream (antisense) primer based on a conserved amino
acid sequence found in other aminotransferases was (Tyr-Gly-Asn-Pro-Leu-
Ala)(SEQ.ID.NO.ﬁ?), with a corresponding oligdmer of GCG/C AGC/G GGG
TTC/G CCC/G C C (antisense) (SEQ.ID.NO.:8). A PCR reaction using Tth

30 polymerase was p__erformed to obtain a 850 base pair (bp) fragment. This
fragment was isolated and cloned into plasmid vector pCRII. The presence of
the insert was verified using PCR and restriction digests, and the sequence of
the insert was de_t_érmined using an ALFexpress automated DNA sequencer.
This sequence demonstrated strong homology to bacterial aminotransferases

35 found in GenBank database. An internal peptide sequence of 19 amino acids
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The DNA sequence is SEQ ID.NO :3and the am no acid sequence is

SEQ | D. NO. : 4wéno/14265 The downstream (antisense) pringg Rﬁ?ﬁﬁg&n a
conserved am no aci d sequence found in other am not ransferases

(Tyr-Qy-Asn-Pr obtlamﬁd from a typli¢ sepiideof\urified amindiransierase ppotein ﬁrgm
ol i gomer of n@@‘r‘ﬁ&h ucimo H%@:@Q@z@z%é@%b SEBY. THESR 85}?2'0- : 8)
A PCR reaction us| q(;}' 0

t bt
pair (bp) fragngicateg that the P&'ﬁﬁ@g‘aﬁﬁe Vﬁ?gglvﬁ%?&‘%ﬁﬁr%r&%glthgﬁt@ p@ﬂegfm d

vector pCRII. Tine boresfitde €Adfenzyme.t he insert was verified using PCR and
restriction digests, and the sequence of the insert was determ ned
usi ng an ALFexpress autonmated DNA sequencer. Thi s sequence

denonstrat ed st isolationcofdhe ppmpletedat gemel ami notransferases 35 found in

CRSEEE%\?:EDdat abase. An '?b@l 30 db;fP@tR ﬂﬁgﬁ%ﬂ't’%% %th a;]L;,ga ‘Wbﬂ&lzgﬁbﬁjgmbe to

ani not r ansf er asidepiitttberentire AT gene. sﬁnlm@@mgnasppuqmqhﬂm ATECARD202027
was al so | ocat e&aroﬂt%’iﬁnéi@ﬁA was pufifitti §7d BdrtilPdidted’ W mhfr‘é%m?%e A

anplified s in fact se tlve of part of bona ft1 T
enzyme. V% enqnicle ?%EBPQ‘{* he conplete lat gene The
850- bp PCR f ragmgtmmts of $et0 aﬂiotmslékst(klla)iwwé_rem’adtéémrﬁ @n agarosé gentify the
entire LAT gene, auci o 1,S
was purified ant?"B‘& qgs'glf%g'gﬁ%‘ & {Se%l“ﬂ'ﬁeﬁé ﬁ%’%’quﬁa‘iﬁd P@ﬁ&&ﬂd@"&&&%m'
Sau3Al. FT ey VA svast transformied oitase co(f RIOP Werr cells by elextrdpovatierand
agar ose gel I : -
pl asm d vect or seieét‘éh cﬂW.B%S#JﬁH éﬁlﬁgﬁ\ ransfborma%égﬂv ?@%@ha‘?@\éﬁ% F'
cells by elléct rfbsartéanséwrgcﬂa@nto nylon{@e@ca@@ly@ﬁdmsﬁgdﬁgﬂowm ybridizatione
anti bi otic Zeocjgdng Ermﬂéﬁél@@mﬂ%gn%t ééWPaltsrtl%i?@ifﬁyt?ﬁHlﬂHgQ:ofBHné’é‘were
filters and lysed Tn_situ Fol#%m g}h ybr'i di zaiq
32P- | abel ed pc@%%ﬁr?@a(twe@e% roff thiednastey piate iand gsows| 1B Aakid medum for
seen. They wer eplpswid DNA soldtion. MEs tenfirm thize tieasd glasmidy didl ih dactccomtsihuRe f or
{)Ihgsm d DNAIs Ollaf"bél‘?é' twiocrit8A4 'wé}bttﬂ% t(tff‘?ﬁe HI\?R mt?s% p%'sgeésnaffa%@t bé: %%r%'a
20  Ncol fragment which is found in the PCR fragment and (2) the DNA must
serve as a template for amplification using primers specific to the 850-bp PCR
fragment. One colony contained a plasmid which met both these criteria. It
contained an insert of approximately 6.3 kb and was thus named pLAT6.3.

25 Sequencing of the complete /at gene
The entire aminotransferase gene of pLAT6.3 was sequenced (Fig.

1). A typical gram-negative promoter and ribosome binding site followed 9
bases later by an initiation codon ATG (Methionine) was found. The size of
the coding region of the gene is 1221 bp. Based on our computer analysis of

30 the gene, this region should encode 398 amino acids with a molecular weight
of 42,457 daltons. We identified additional runs of amino acids which matched
that obtained from internal peptide sequencing of the purified LAT protein.
This information confirmed that the entire /at gene was present on pLAT6.3
and that it encoded the same protein isolated from Spingomonas

35  paucimobilis ATCC 202027.

Cloning and overexpression of the /at gene in E. coli
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| at gene, two criteria were used: (1) The DNA nust possess a 669-bp
I nt ernal w Ncol fragnent which is found in the PCR fragment and (2) the
DNA nust 0 QU465 o5 a tenplate for anplification using prPaBUSI%I996 fiC
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daion, Lnto P23 $ot i HGRRALS L AT) wiEroBP RS bl FiagRb, and
added to the 571.GRdyeastaxdact &%%Na% yoffdrcqnt@amowo Tg/mi of ampigilin7 81 .
Both the af@pli Eh@DBO@mBH@%é&% prefiotsr daWbelinRy Téﬁé@ﬁﬁﬁ@«as induced th the
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and restricti 0E145 ( I, 71 dﬁQﬁQﬁH'@ﬁﬁi’fYél’@r&@@"’r [(phenylmethoxy) ca(jrorm{ﬂammo]-
xt ract . 5o PRSP 4 31”'“3%'“3‘* SARERaO D). 10 A6 an
0D600 of ca. 1.0, t he %?éﬁﬂghw@aqrgw fag §2@57rdﬂ M\%@ (lo%pﬁced
with 100 T™M | Pmezi-lﬁ@qm @3 m&@ﬂ%émaS%z(Nf-wﬁS@m 2% 6esaminfuatitis [Bacta
ﬁ{‘g'r {f?d for aginayr fuel Sfﬂéﬁonf‘mm Mgs B4y THREELitPe WHS RER GRAREL Fto®"
MIM medium at a starting ODaoo of 0.20 (MIM contained 0.6% Na2HPO4,
25 0.3% KH2PO4, 0.125% (NH4)2S04, 0.2% Casamino acids [Bacto grade],
0.5% glucose, and 1 mM MgSO4) Ampncnlhn was added to all media at a
final concentration of 100 Tg/ml. At an ODgQo of ca. 0.5, L-tryptophan from a
filter-sterilized 10 mg/mi solution was added to a final concentration of 100
Tg/ml. Samples were removed at 3, 6, and 22 hr post-induction for
30 aminotransferase activity and used in the bioconversion of N*[N-
[(Phenylmethoxy)carbonyl]-L-homocysteinyl]-L-lysine, (1->1')-disulfide to [4S-
(4., 7a, 10ap)]1-Octahydro-5-oxo-4-[(phenylmethoxy) carbonyljamino}-7H-
pyrido-[2,1-b][1 ,3]fhiazepine-7-carboxylic acid.
Both recombinant strains were able to convert N*-[N-
35  [(Phenylmethoxy)carbonyl}-L-homocysteinyl]-L-lysine, (1->1’)-disulfide to [4S-
(4a, 7o, 10aB)]1-Octahydro-5-oxo-4-[(phenylmethoxy) carbonyljJamino]-7H-
pyrido-[2,1-b][1,3]thiazepine-7-carboxylic acid (Table 2), while control culture
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[ N-T( Phenyl met hoxy) car bonyl ] - L- honocysteinyl )-L-lysine, (1->1 ')-disulfide
to 1 Oaferr])] 1-Octahydro-5-oxo-4-[(phen%],

car bonyl ] am noj - 7I—g 20 pyrido-[2,1-b][1, 3]thiazepine-7-car bo§ fﬁ%?;‘?f%&‘;
aci d, (tabl e 2). which did not possesSthe it gabg&howst i) suels agtivviyn Efxpres}sibrﬂaslhg

MRM (0. 6% .
:'igl ds [ (Bact 0 the t’g’?‘%”?ﬁ?ﬁ 'Egggﬁﬁ)ﬁw%er oFr \Q/#%%%%%@é?ﬁsméﬁlt ure vvas teig en
i nocul at ed i nt oso the fonman stegin N\fﬁsdﬂV%St!Q?é‘Fd imgporpdetailo Aty Waa seervat all ned

grg;@ei\mHPO‘l 2%,333 ffm%ﬁ%al&dleﬁw iRS¥tiorD %&yacbmmnawwacto

cose |C|II|n was added
T o at a 5 extadepoBas PR NG IGHCOR Bl RPvealpd & SHABSOYOfAIn bandets
L-tryptophan fr ¢ game molé‘dJla'rQVelghleas tHezputifid arpinvtrapefaras@at 8as padtied to

52 b ocrm eaaftugiBpoFudfer experiely @%Fi@@hgfﬁ& f 6t ffPien Wasn Be "

bi oconver si on ointrd{Gallu]af[sN#uble fraction.

Las o s Y ar o) Ak APRGESE R Vel bf Bid ot piztmiq s ged d° 1 ©
car bonyl ] ani®o] cmted Plaw reféT?lw@sw{qsegijbmd@@é @rm@ufh r@atrwbszmuc aci d.
Bot h reconbi nan n fFdgnh taining t

endb %I@ﬁré‘@mﬂﬁpbﬁdﬁom Ae’f‘lfﬂ\'bﬁf é\‘rtc%'ﬁ ining the

Phenyl net h -L- ! I blutengs
e e e R SSaB B da s ok s e

car bonyl | am no] byhreatment withi Kienbw, DNA]dolyridétdseqsias all dout- d:emdyﬁbuhm@eaﬁdeis

oot 2 W reanbimeSdER was ligater dnto RAL78 - ATARNIShhad bren
activity. Ekpr eshgesrhed:wmgSspl Afteneleatsgpooaticminta Gl €24 kanamyeoin-eesistast
better than thatcolb?f@?’wb@rnfcﬂ%% gnﬁ'@rﬁi@d for the?}eggﬁ %Bf B&th tﬁér}ﬁiR‘ aW@?at

investigated in nore tal I nts but
peaked at 6 hr G68esi AMircpiasmid W@W@m?d Péb?ﬁ&r%'ﬁt‘\éﬂ nyermgntaél,@nrlaem%cal to

prepared fromt e bRE lﬂfé‘?ﬁ)rlﬁéhtféf the Qﬁ?ﬁ:ilmﬁir@sﬁbhpwswrpéﬁhé dD@é?ﬁldQﬁ/as
t he same nol ecul ar uri

ht d t 6 h t-
i nduction. Furt (8 eﬁ &.ﬂ' %‘eﬁﬂysfePH @ﬁts gwpﬁﬂtth?r:f?sn%%e{ ﬁ?g Sr ot ei :1 \R/g: in

t he i 2@ acel I ul ar soluble fraction.

kananyci n-resi stant version of the above plasm d was al so 10 created.
Plasm d pET9b was excised by digestion with restriction endonucl eases
AIWNI and EcoRI. A 1 71-bp fragnent containing the Kananycin

resistant (Knferr]) gene was purified and the ends nmade bl unt-ended

by treatnment with Kl enow DNA pol ynerase plus all four deoxyribonucl eoti des.
The nodified fragnent was ligated into pAL781 -LAT/ A which had been 15
digested with Sspl. After electroporation into G 724, kananyci n-resistant
col onies were picked and verified for the presence of both the KnR and | at
genes. This plasm d was nanmed pAL781-LAT/AK. A fernentation identical to
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the one performed for the anpicillin-resistant version of the pI asm d was
carried out. Assay results as shown in the Table 2. 20

-41 - WO 00714265 Tabl e 2 PCT/USRYVI9Y64
Culture Gowh Conpound B Wt Cells Weight
(hours) formed (ng/nL) (ngs) .
Table 2
~ Sample _' Culture Growth Compound B Wet Cells Weight
(hours)  formed (mg/mL)  (mgs)
TOP 10 F'(pKK223-3-LAT) 3 0.126 157
GI724(pAL781-LAT/A) 6 0.422 250
 GI724(pALT781-LAT/A) 2 0.195 420
4 0.266 340
6 0.308 300
GI724(pAL781-LAT/AK) 2 10.193 330
4 0.311 300
| 6 0.292 390
Contol (without lat gene) 6 0 70

“Compound B is [4S-(41, 71, 10aJ)]1-Octahydro-5-oxo-4-[(phenylmethoxy)
carbonyl]lamino]-7H-pyrido-[2,1-b][1,3]thiazepine-7-carboxylic acid,

5 Example 6

Production of Aminotransferase (Cloned from Spingomonas
paucimobilis ATCC 202027 in to Escherichia coli GI724 (pAL781-LAT):

10 The process described is for the growth of E. coli GI724(pAL781-
LAT) in 20 liter fermentors. The E. coli cells produce an aminotransferase
enzyme which is used for the enzymic conversion of N2-[N-
[(Phenylmethoxy)carbonyl}-L-homocysteinyl]-L-lysine, (1->1’)-disulfide to [4S-
(4a, 7a, 10ap)}1-Octahydro-5-oxo-4-[(phenylmethoxy) carbonyllamino]-7H-

15 pyrido-[2,1-b][1,3]thiazepine-7-carboxylic acid.
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TOP 10 F' (pKK223- 3- LAT) 3 0.126 157

Gl724( pAL781 6 0.422 250

Q 724( pAL781wf’£° 1%65 2 0.195 420 PCTIUSH9964
4 0. 266 340 6

0. 308 300 0 G&?_ﬁ( pPAL781- LAT/ AK) a-ketogharate glutamate 0. 193
330 P 4 I 0. 3|11 ) 300

6 : I, Cont o out | at gepe 6

0 70 [B (éeém U S
10aJ)] 1- Cct ahydr o- 5- X

car bonyl ] am no] - 7H pyri do- [ 2, y [ aze{ﬂ)l ne] 7- TanbaninhietHAA d,

Exanpl e 6 Producty qn 'af ' sf er ase £ Crgned—fromSpi

pauci mobi | i s ATCC 292027 1 nt dMescherifchia col [T G 724 ( pAL7&bzHNAT) :
The process describged is for| the growgh of E. €oli G 724(pAL781 -

in 20 liter fernento The EN coli cells producBHan am notransferase
enzyme which is used for Kllhe ehzym c conversion of N2-[ N

[ (Phenyl met hoxy kg n mocyst ei Ripeptide mosomer  (1->1')-disulfide to
[4S- (4lerr], 7fer )] 1- Cct ahydr o- 5- oxo0- 4- [ ( phenyl net hoxy)

car bonyl ] am no] - 7H- 15 © pytqq}g [2,1-b][1, 3]thiazepi ne-7-carboxylic acid.
-42 -

5 The aminotransferase enzyme is produced intracellularly. The recovered cell
paste can be used to prepare a cell-free extract for the biotransformation.

Process Details for growth of Escherichia coli:

E. coli cultures were first grown in a 4-L flask containing 1-L medium for 24
10  hours and 24-hours grown cultures were inoculated into 25-L. fermentor

containing 16 L medium. Medium composition and growth conditions are as

follows:

The strain approved for all fermentations is E. coli GI724(pAL781-LAT/A). A
15  kanamycin-resistant derivative of pAL781-LAT that also overexpresses the
enzyme in E. coli GI724 is available and is being tested at the 16-liter scale.

Stage One - F1 stage

20 1. Two 1 ml vials are inoculated into each 4 liter flask (two are needed for a
16 liter fermentor) containing 1 liter of MT3 medium. Each flask is incubated
at 30°C for 24 hours at 250 RPM.
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[err] 5 The ami notransferase enzyne is produced intracellularly. The
recovered cell paste can be used to prepare a cell-free extract for
t he bi otranmﬁ%n Process Details for growth of BRCHussonbIsa

coli: g@ m%m diyres were first grown in a 4-L flask containing 1-L
medi um f or 24 and 24-hours grown cultures were inoculated into
25-L fernmentor cont ai ning 16 L medium Medi um conposition and grow h
conditions are as fokbows: NzZ Aminda strain approved for all .
fermentations is E. colj @ 724(pAL781- LAT/A). A 15 kananyci n-resi st ant
derivative of pAL781- LA?FOt(?at al % Bégf‘gﬁpr esses the enzyme in E. coli
Gl724 is available and 29%ei ng Ghudezol at the 16- liter scale. St age

One - F1 stage 20 1. a‘ /1 m \él éllﬁ"?’hﬁskﬁ@ ?é into each 4 liter

flask (two are needed fO containing 1 liter of
Mr3 medi um Each fl ask 06% ncubaPethassium Pémosab@@rmpnnbaslcm hours at 250
43

RPM 0.125%  Ammonium sulfate -
0.0246%  Magnesium sulfate heptahydrate
0.01% Ampicillin, sodium salt

Batched with deionized water and autoclaved for 20 minutes at 121°C.

5

Stage Two - Fermentation stage

Medium in the fermentor is batched with deionized water to a final volume of -

15 liters with the following ingredients: :
1.0% NZ Amine A
20% Yeastamin
2.0% Glycerol
0.6% Sodium Phosphate dibasic
0.3% Potassium Phosphate monobasic
0.125% Ammonium sulfate
0.05% Polypropylene glycol

10

The pH after batching is adjusted to 7.0 - 7.2. Sterilization is conducted at
121.5°C for 20 minutes by jacket steam only. After sterilization, the
temperature is reduced to 370C and the volume is approximately 16 liters.
Prior to inoculation, a solution containing magrié_sium sulfate and ampicillin
15 are added aseptically (after filter sterilization) to the tank to a final
concentration of 1mM and 100 mg/L, respectively. The fermentor is
inoculated with broth from 1 or more F1 flasks to yield an equivalent optical
density in the tank of 0.25 at Log 0. Approximately, 1.5 liters of inoculum
(1172 F1 flasks) will be needed for a 16 liter working volume fermentor. Note,
20 all filter sterilization of medium components is done with a 0.2 micron
cellulose nitrate filter. Optical density is measured with a spectrophotometer.
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MI3 medi um i 1.0% NZ Am ne A 2.0 %

Yeast am ne  wq gos14265 2. 0% d ycerol
Sodi um Phosphat e di basi c 0.3% Pot assi ubf BHSQ%‘%Q“
nonobasi ¢ Fermen’tor operatihgl gasametersmoni um sul f at e

0. 0246% Magnesi um sylaf 0.01%
Ampicillin, sodium sal ;1!6 lﬁéﬁwgﬁﬁ{ﬂg@w th dei oni zed water and aut ocl aved
for 20 nminutes at 121[ demmeratuse: 37 °C st age Two - Fernentation stage

Medi umin the ferment Omérétlé}ﬁt()CBQQMMé Blr%r%rklﬂé VeRirae pep nainliienal V0| une
of 15I|ters vmtr[}’ fo gaq_lngrelents 1. 0%
NZ Amine A ressurg MDA Yeast ami n 2. 0%

d ycerol Agitaflof?®250 RPModi um Phosphat e di basic

0.3% Pot assi um Phosphat e nonobasi c 0.125% Anmoni um
sul fate 0. 05% Pol ypr opyl ene ycol 10 The pH
after batching Theseljsuso et cantol @nd foam. lsSDetrD“&!Cthladdlth@ fdiaON ea at
121.5[err]C for a" d1utes by jacket steamonly. After sterili zatlon t he
tenperature is re uced to 37[err]C and the volune is approxi npt el

liters. 10 pr Samples iare tales Jying theseauise ohthestermentalionian REs Pa %ul fate

and anpi ci l'1in {g)ynié f adktRs raaﬁ@é vrz;@béw (o?hb@lrdénéltgeWeﬁb@lt Wwelghté apg) to

e ameentor | en2yme actiyiiti ThawriicefOemaivipronety apitad it 106 REG RS ¥

yi el d an equi valsaniplepis mebsured at@Ofsnmyon a speetropimitonteter. wbichthasdmeeh
Appr oxi mat ely, i:la'ﬁ(lée'dt\ﬁftﬁ fﬁl‘\sﬂ' r?QSM'n‘l‘ MOff gas be f?orﬁjth{s k@ﬁ@oﬂs' rmoRiforegeded

for a 16 liter wor er nent or . er sterilization
of medi um cwrponentmumsslyim apas anatyzer. m@rfgrmentor rges far tbs8 heurs.afkthat

filter. Optical gngid tank3s SBBSOHISE to DOCAVISIRERBINAIRHEIR &dme agitation and
aeration (in overlay) and then recovered by centrifugation.

Yields and Purities:
20 Four batches of E. coli have been run based on this Preliminary Laboratory
Process Description. The results of these batches are summarized below.

Batch No. XP9682 | XP9683 [ XP9683 | XP9683
Tank No. BF#3 BF#3 BF#4 BF#5
Fermentor Volume (L) |20 20 20 20
Working Volume (L) 16 16 - 16 16
Harvest Log (hr) 6 6 8 6
Aminotransferase 1.01 1.01 1.67 1.67
Activity

[90 min. assay] [70 min.

(mg product / g wet assay]

cell / hr)

Harvested Wet Cell 9.1 8.9 8.8 9.4
Weight

(/L)
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-44 - Fer ment or operating paraneters 16 liter
wor ki ng vol y Tenperature: 37 [err]C © Aeration:
0.5 volune a P“ﬂ’éfz%rkl ng volune per mnute 5 PrREIE1S99/199%69 0

nBar There is no pH control and
foamis control Feopﬁ'@‘@?fpgﬂ%g%b o Cts demand. 10 Sanples are

t aken during th&d %‘ Ebﬁ’gﬁﬁévqféﬁeﬂé}ﬁséﬁ WGFP pespendeddarti al vol une of
solids, relati V¢O(V'nﬁ¢d¥31|00yrnlvp|§ﬁ¢§bﬂatélﬁﬂﬁéf i 8/\@t103ﬁ1l\h N&CEDITASarR d

t t Th ti t rl t ed
g e 2T moageniBlns B3l siSinaionse i HSIR0 2 hdtmnde Bt o e sehuni ch has
been bisankswsperisioriso@ 1 vhinefd). i FMSF gakutichidn ﬁsapnmpmlfaadrﬂammroﬂoss

8 hours. At t hal DT S2iRloh Whleodud LA Flobefbions ifers GaERRN Mhrcl ity Eftinch
the same agitat Fmssaidls 000 Pﬁpmswme and dweielga@f}edmﬂs wese ceotrifugedat by
centrifugation. 25 0 ﬁhdé e, st;bfe'rﬁétsﬁt &Qtlon GOt né@éﬁé}eéerﬂnfxfuﬁatnﬁmé

have been run ase on t

relim orato roce
Doser i ption. THEtERS fq 88 6Pl eHEaeSHael mpmoamﬁmgmrbmwt vohimes

Batch No. 10  were di¥ @%&téé%ﬁﬁ% Ml&@ﬁﬁd%@%ﬁﬁz 000 PSI pressuﬂ'@
BF#3 BF#3 BF#4

20 20 passage) angﬁwtﬁgr%p&ﬁgs e)re cen&@ugec? aff%? o&b)x gdo 30 min 2%

Harvest Log (hrgbtain €ell extracts.6 - Ani not r ansf er ase
1.01 1.01 1.67 1.67 Act|V|ty : [90 m n.
assay] [ 70 m n. (my product / g vvet assay] :

cell / hr) Enzyme AsgaYiested Wet Cell 9.1 8.9 8.8 9.4

Wi ght 15  The rddttibh mixture in 1 mL contained 0.1 mL of cell-free extracts, 0.8 ml of

100 mM phosphate buffer pH 8.0 containing 10 mM Na EDTA, 10 pi of 0.5 M _
DTT solution, 10 pl of 10 mM PLP solution, 25 ul of a-ketoglutarate solution :
and 0.65 pl of 50 mg/mL of dipeptide dimer solution. Reaction mixtures were
prepared in tubes. Tubes were incubated at room temperature on a end-over-

20 end shaker. Samples were taken at 0.5, 1.5 and 6 hours. Quench the enzyme
reaction mixture by adding 0.2 ml of trichloroacetic acid and 1.8 ml of
acetonitrile to the reaction mixtures. Let mixture stand at room temperature
for 2-4 hours and analyzed by HPLC for substrate and product concentration
as follows:

25
Analytical Methods:
Filter the quenched reaction mixture to a HPLC vial, usmg a Lid/X type
syringe filter. The concentration of substrate and product are determined by
the following HPLC method.

30
Column: Vydac C-18
Buffers: A:0.1% TFA in H0

B: 0.1% TFA in 70% Acetonitrile, 30% H20

35

Gradient: 0-15 min: 50%B
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-45 - . - Preparation of Cell-free extracts: 15 g of
centrifuged t paste were suspended in 100 mM of

phosphat e bu eoroﬁp 8.0, 10 nM Na EDTA and honbgenous cé‘??mg;\g””“
suspensi ons were using a honogeni zer. To the cell 5 $52%emin:t008%B 1 ni

of 0.1 MPMSF solution in isopropanol and 0.1 m of 0.5, :

sol ution were added. Cell suspensions were passed throuzﬁ 2;? 'E}r{glr??}fgug

Press at 15,000 PSI pressure and disintegrated cells V\egﬁ-:i@emmiﬂ%ged at
25,000 x g at 4 C. The supernatant solution obtained after centrifugation
S referred tg as cell extracts. Cell suspensions of nore than 100 nL
vol umes 10 SwerfElow Rata: gty with a M crofluidizer at 12, 000 PS|
pressure (two passage) and disintegrated cells were centrifuged at

25,000 X g for 30 n, obtain cell extracts. Enzynme Assay:
15 The reactioég}ﬁr&?fui'&'?ﬂsf% contained 0.1 nmL of cell-free extracts,
0.8 m of 100 mM phosphate buffer pH 8.0 containing 10 nM Na EDTA, 10
[err]l of 0.5 . 2 L ' gl RLE: S Al U A 5
[err]| of [errﬁrﬁee%nd?ﬁ ar@fg#@gﬁﬂm%ﬁoiﬁééﬁb{g% Lé'.q Eg I)ééﬁgﬁrﬁﬂo% &Eg{éﬁéfnt of
di pepti de diOner>¥pdisulfisie) ehegsat d8-hmin apdsheupreduct (6) elgtasyal 2Q)1imintunses.
Tubes were inc i m tenperature on a end-over- 20 end shaker.
@58 ConbitioRa!

Sanmpl es were taken at 0.5, 1.5 and 6 hours. Quench the enzyne
reaction mxture by adding 0.2 m of trichloroacetic acid and 1.8 m of

acetonitrile toDbfegmisation Gfproteih doatent béthetll-fiee extrad@. at room
t enper ature

- Lor 2-Z nours and. analyzed by HPLC Tor . substrate a

pr oduct . concent PIRrRaR Protein S5y AR yiEa SEacterinjier i PloteH LA fhe
Fil ter the 1fuenassay wascairizd oubasudesdribed byth€ manlifactwsenBia-Rad) Xheype
syringe filter. : ' f 1S s rarified
by the fol ?%%’?ng{?ﬂ@ﬁ%t O 8y ORCUIL RS PRt M ) Bl 6 T U Tl
Buffers: A 0. 19aterAThe BipBad reagent (0.2 mL) is addgd to thedH-mli andrefier
Acetonitrile, 3@¥%didh midRg the absorbance of the solution was measured at 595 nm.

The concentration of the protein was read from the standard curve with

20 bovine serum albumin (BSA) as the standard protein.

Unit of activity = umoles of product formed/ min/ per mL of cell extracts.

Example 7
25
Preparation of [4S-(4], 71, 10a9)]1-Octahydro-5-oxo-4-[(phenyimethoxy)
carbonyl]amino]-7H-pyrido-[2,1-b][1,3]thiazepine-7-carboxylic acid, from
N2[N-[(Phenylmethoxy)carbonyl]-L-homocysteinyl]-L-lysine, (1->1’)-
disulfide
30 |

Introduction
The process described is the conversion of N2-[N-
[(Phenylmethoxy)carbonyl]-L-homocysteinyl]-L-lysine, (1->1’)-disulfide to [4S-
(4a, 7a, 10ap)]1-Octahydro-5-oxo-4-[(phenylmethoxy) carbonyljamino]-7H-
35 pyrido-[2,1-b][1,3]thiazepine-7-carboxylic acid, by oxidative deamination using
cloned transaminase from Spingomonas pancimobilis (previously identified
as Pseudomonas sp ) SC 16113 expressed in E. coli Gl724[pal781-
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Gradient: 0-15 min: 5098 -46 -
15-25 m n: 10098 ' .
25-26 min: O6P0/14265 PCT/US99/19964

26-30 nin: 098 t e | Bevsi 3 ; :
The diner (N2- H‘Jﬁ(Sﬁ?ﬁw@fﬂ%izjaé?ﬂ{%ﬁu'ﬁ%,E%%*?&!@%?%r ﬁ%g%ﬁl'ﬁgsr: e, (1
10 >1')-di sul facaeptos) itldsisgisegiogegduce mhbdbé[(@henﬁméwyﬁ@arapnw 1
{n'hn unfllerf LT-Ht‘itQﬁGC%tBIiHyl]iLO Sine, (1d->1')la?§,@ﬁdé fRNoPB T, @l@ta@rhf 'étegﬁdt?)a@ééd of
e cell-Tree JaclsS. . DIl 0- roteLn,ass : use or et.er nin
Lhe orot el n cudtripdibg reacton sSouia B GIETRIAN W RodhvR ddatiRARoR ho
manuf act ur e ( BsimgRsld}amdtesoxidase fiswmatremfogiyses spf obidihathfrom[Sigmal of
|l -f t i tyal, ;v Ql - T | O-
O ey St EffertBaR SR UTRy08y 4 o) Tro'BEREiedRBebATEMY |
absor bance of ¥igd ol @80 %matheprrcaduse desgimdses cell-frep extragisdat r ati on

of the protei nyyasaffishd, 2P hearhheladssecurve with 20 bovine serum
al bum n (BSA) as the standard protein. Unit of activity = [err]noles.
of product formed/ mn/ per nmL of cell extracts. -

Exanple 7 6 Raw Matenals dor 2029t (41, 71, 10a[err])]1

- Cct ahydr o- 5- oxo- 4- [ (phenyl nmet hoxy) carbonyl ] ami no] - 7H-pyrido-[2, 1

_B] 1. . . . L =

N2- [ N- MaRerdaly | net hoxy) car bonyl ] - L- honoc§eukegieny| | - L- | yMliohaWNt.( 1- Arhpunt

di sul t},de 30 I ntroduction 38449-156-288 Progess desord Bed I's the

conversi’on of Nerr]-[N )
[ ( Phengikasoglotaratear bonyl ] - L- honocyst ei ryigna- | ysi ne, 83.061')- diSkpfide to

E:grsbonp?(ifjaorﬁgﬁ?%atéger r{o&/r Ilggp% ]leoct)jnglfﬁgft ﬁi g)z(gpﬁzr\‘{e@wgg)rﬂb@ | cy;ci d,
by oxidéhipteed@ani nati on using igma 154.2 7.03¢g
K2HPO4 Fisher 174.2 16.1g
KH2PO4 Fisher 13614  16.1¢g
EDTA Sigma 2922 365¢g
PMSF Sigma 174.2 87 mg
Trichloroacetic acid (TCA) Sigma | 114 600 mL
NaOH Fisher 40
Acetonitrile VWR 4105 5L
Transaminase from 200 Units
E. coli Gl 724[pAL781-LAT] (SC16240) Cell extract
Glutamate oxidase from - 8150 Units
Streptomyces sp. (Sigma Chemicals) (partially purified) -
Water, deionized 45L

Process details

15 |
The process details for the reaction steps based on 22 g N%|N-
[(Phenylmethoxy)carbonyl]-L-homocysteinyl]-L-lysine, (1->1")-disulfide input.

(1) Transaminase
20
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cl oned transam nase from Spi ngononas panci nmobilis (previously identified

as Pseudononyg dpAkdzes SC 16113 expressed in E. coli G 724]

- 47 - LAT] SC16240. The reaction requires Ber/3dsnsoes

[ err] - ket ogl ut arRreparationref Gellficee Extracts acceptor. DIT is used to reduce
the dimer Nerr]- [N- [ (Phenyl met hoxy) car bonyI ]-

L- honocyst ei nyl ] - ysine, (1->1")-disulfide to non t amat e produced
during the react?ﬁ)g qfé/‘@té'@?‘éﬂ“@d’%Eaﬂ%Pégﬁ @Z?&MW%@E@%@Z%
deam nation (XFD6763 'R&:wBL)tv?éf%t@s@éhdééfm 500mISHF optt anfrmh%tb bafiéripred

];;gtranctsiagn?eaét | o?'larﬁﬂ"gh'mng S D%LE:‘ t{‘ﬂ/’ ?’N% %in m%@%gabﬁ% ker.

descri bed uses c@el-stispensians weres hbmogenized with atTekmsamtabarstorydnogenizemt e

géh?g:e' %%&W!Sﬁ%@e?e Exg i%c?tv@lge Iﬁ%ﬁah MRRSRAdAr at 7500 psi and 4
38449-156-29  “GDismpted zgll-gugp?@slatps were gentrifugadat 4 °C at 13000 rpm for 25
Si gma ri doxal phosphate
Si gma m@ﬁ;&?emové?hédGbP% t hi ot hreitol
Si g 10 154.2  7.03 g K2HPOA
E! S Eer (Z)glgeﬁitlon lfbrﬂdlﬁoﬁgé_ligﬁl
i sher g
Si gna 292.2 3.65 g PMBF
Si gna 22.24 af N2-[$-](Rhenymethiony tadedn yd-labiochacysmwinyl]-L-lysine, (1->1°)-
Si gma : : -
Fi sher dlﬁ%ﬂié& elrtltgnall ??_?lﬁgl:@amﬁ L of phosphate buffer pw containing 10

41. 05 5 15Tr andaEDIAst thedvipreactor. The reaction mixture was agitated at 200 rpm.
200 Units E. col Grﬁua?l%%ﬁéh@’:héﬁﬁl of tREHBS48)solution to 12.0 by slow addition of 5N

Cell extract G uta

8150 Units Streptd st wguy S@ngp @hregm temperature. Maintained the pH at
(partially purifizgd)withithe additionrdfzMINaOH, until all solid was dissolved. The pH was
4.5 L read Js?&@?&?%e\&ﬂ‘l‘é 'sﬁ[mé ?g?i}iPRl_of conc. HaPB%G. RhaGEiperithad bfthC"

the reaction steps based
20 reaction mixture was maintained at 30°C with a water bath. To the reaction

mixture, 6.75 g of DTT, 19.5 g of a-ketoglutarate, disodium salt and 100 mg of
pyridoxal phosphate were added. Additional 1.4 L of 100 mM phosphate
buffer, pH 7.8 containing 10 mM EDTA was added to the reaction mixture.
The reaction was started by the addition of 100 mL of cell-extracts of

25 transaminase [aminotransferase (1 unit/ mL activity) from Escherichia coli].
300 mL of Glutamate oxidase solution (7 U/mL) was added at 30 minutes, 1
hr, 1.5 hrs, and 3.5 hrs. The pH was maintained at 7.8 with the addition of 5N
NaOH. Periodically samples of 1 mL were removed and quenched with 0.1mL
of trichloroacetic acid and 0.9 mL of acetonitrile. The sample was allowed to

30 stand at room temperature for 2h, then filtered and analyzed by HPLC to
measure the amount of [4S-(4a, 7a, 10ap)]1-Octahydro-5-oxo-4-
[(phenylmethoxy) carbonyllamino}-7H-pyrido-[2,1-b][1,3]thiazepine-7-
carboxylic acid, formed. After 6 hours of reaction time, 0.6 L of TCA solution
(100% v/v) was added to the reactor to terminate the enzymatic reaction. The

35 solution was mixed for 15 minutes, and let stand at room temperature for 3
hrs. To the reaction, 5L of acetonitrile was added and the amount of product
formed was then obtained by an HPLC quantiation of an aliquot.
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[ (Phenyl met hoxy) car bonyl ] - L- honocystei nyl]-L-1ysine, (1->1")-disulfide

i nput . S Transam nase 20
- 48 - WO 0071426 reparation of Cell-free Extracts PETAISID/19964
reconbinant E. coli cells G 724[ pAL781-LAT] (SC16240) ( XP9676;

Rec126 ) were syspended in 500 nL of 0.1 M phosphate buffer, pH 5 7.8
containing 5 nM![ﬂi?. 1 mMPMSF, and 5 MM EDTA in a 1 L beaker.

Cel | - suspensi ons were honpgeni zed with a Teknmar | aboratory honogeni zer.

Cel | - suspensi ons were passed twi ce through Mcrofluidzer at 7500 psi and 4
[err]C. Disrupted cell-suspensions were centrifuged at 4 [err]C at 13000
rpm for 25 Expefimeno# r endngutt he debmpsundld  Compourd BReayigidon Condi ti ons

22.2 g of N2-[ N-[ (Phenyl nmet y) car bppyl ]-L-ho steinyl]-L-]ysine,
(1->1")- di sul fide |n3§<a 5L g‘ﬂor eact or m@)VS L of ph@s)ﬂhate buf f er
pH 7.8 containing 10 15 nM EDTA to the bioreactor. The reaction m xture
was agitated at40?4g92§pm 300 aduaply increasg 1tghe pH of g4he above
solution to 12. sl ow ad |t|on of 5N NaOH, while stlrrlngthe

sol ution at root‘ffﬂ“f5 Aber at ur 800\aj nt aPARd t he pH 10 12.8-Si th the

addi tion of 5N mgg;ﬂu until aldo sol idq ws di ssol wva@d. The pHgxas :
readjusted to w th slow 23& ti on conc. H%\)ﬂ The terrperat ure of the
20 reaction m‘%&"ﬁ?é was i’ i ned % 30[err] % h a watéibath. To the
reaction nModBTe®15 6. 75 29.50f DTT4.749.5 g of 186ket ogl ut amoat e, di sodi um
salt and 100 ng of pyri doxal phosphate were added. Additional 1.4 L of
100 mM phosphat.e containing 10 EDTA was added to the
reaction m »tur Qompoundr,ﬁés Ne-&l@t[(%remaéraemoasvicewﬁwllrlhéomwtw 1ole-Tysine, ni.

of cell-extractg-of)dpmulifideansan nase [ani notransferase (1 unit/ nl

activity) fromEscherichia coli]. 300 nL of d utamate oxi dase sol ution
(7 Unm) was added at 30 minutes, 1 hr, 1.5 hrs, and 3.5 hrs. The pH
was mai nt ai ned aGorﬁpBumﬂ Bris{48-(4adTp i’lﬂ"aﬁt)ﬁ -Obtahydro-5laRd-4-Hehendimsthoyy)

| f1 |
f ?lrrghlezrgacetl C aC{)ﬁylLa?gﬂéFgHng ulgggp g 3?61 %eB'rEFE%carboﬁyﬂé acnd al l owed to
30 stand 40 room t enpen&tTRtc ¢wemonpﬁ&r[wr[(ﬁ@wgmxamrw by HPLC to
neasure the antidiho sté -UI?st[ rﬂ)d?é?ﬂﬂ&e] Ja[@ST- HY‘?&O §a1??)>}110°ctar%ydro-5- -

Crboxyl o ot X %Wbpxsb leinabzcrypop 2B 8Thlegen e
sol ution dalsﬁk@IWac)d_ms wdﬁhzﬂoumslh@tmaaammastadmmrrﬁi oaff.eThéamino-
enzymatic eaCté.c%gpto-ll_'he—ketoglutarate, was regenerated using partially purified glutamate
15  oxidase from Streptomyces sp. obtained from Sigma Chemicals Co., St.
Louis, MO (Product #G0400). The reaction was carried out with 3.0 g and 5.0
g of N%-[N-[(Phenylmethoxy)carbonyl]-L-homocysteinyl]-L-lysine, (1->1')-
disulfide in 1 L of 100 mM phosphate buffer. Glutamate oxidase (570 units)
was added periodically at 30, 60, and 210 min. After 300 min of reaction
20 time, >66 M% yield was observed. The mass-balance was >95%.

In small scale reactions, (0.1 L) the input of N*-[N-
[(Phenylmethoxy)carbonyl]-L-homocysteinyl}-L-lysine, (1->1')-disulfide was
increased fo 5 g/L. Using standard bioconversion conditions, the yield of [4S-
(4a, 7a, 10ap)]1-Octahydro-5-oxo-4-[(phenylmethoxy) carbonyllamino}-7H-

25 pyrido-[2,1-b][1,3]thiazepine-7-carboxylic acid, was observed to be >70%.

The preparative scale enzymatic conversion of N?-[N-
[(Phenyimethoxy)carbonyl]-L-homocysteinyl]-L-lysine, (1->1")-disulfide (5 g/L.)
to [4S-(4a, 7a, 10a8)}1-Octahydro-5-oxo-4-[(phenylmethoxy) carbonyl]amino]-
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35 solution was m xed for 15 mnutes, and |let stand at roomtenperature

for 3 WS eol@ed he reaction, 5L of acetonitrile was adde%&ﬂ%p%ﬁ'ﬁu
anount of product formed was then obtained by an HPLC quantiation of
an al i quot. 7H-pyrido-[2,1-b][1,3]thiazepine-7-carboxylic acid, was copducted in 2.5 L

Yi el ds VOIRRE USHY trinsaminaReifrom rEoEpPUNd A Corrpound B" Yield
(9) (9) (g é%?% ﬁ@e ) 0.30
0. 07 ﬁ;\d glutamate dgse from Sigma; icals Coz inpu ofbl 4N-

1.90 64(Pnhenyimet ﬁd'aflédnyl] L hcﬁm@@stemyl] Léllyélﬁe (1->1')- dls&lf&ié was
65. 0 4845 4? J_t (21 8. ? S-

40437- 28- 15 §- Using,stagdard blocon\i%rsgn conditionis, {{) g of [4 (4&3 und A

s N2-[N-[( Phenwlowt)hmpatgdmﬁmgo-&-[mgwethonyﬂ darbonylleimiap]-7H-pyridotf2;1-
di sul fid 7 0

12)a[ 13?::'] )i 1e oot éﬂv g]ﬁﬁéﬁ%&ﬂ%{!{%ﬁ%@a&é%Ngégo‘?éﬁe]red TRE Yeld was 11 M%.

car bonyl ] ani no] - 7H- pyr u%lsegmciptqqaxaé]a maie@pzmavccanwmm of M%IN:. 10

Enzymati c Conver[mr%h;% h‘%s&ﬁa[ri&@]gwﬁ&ﬁwvé:ﬁﬂ EQV?%- ->1 dlsru]lflde (5 g/L)

honocyst ein ulfide'to
yme

oarere15) T s e dBnts, 7o, 108851 aahydiesokad-He
car bonyl ] am no] c-éka]a(ﬁﬁlnb]Zﬂi Mridh-[@],‘t b][@ZﬂﬂhiéZ%pﬁre-?-carboMb@@d’ | wasacid

was carried out usi n

t
et oul Ut ar ot o Conauthed AR TohARE ubind Tirsaninese fhRT v ol pnd ghteaie ™ '
oxi dase from St roxjdase/feen Slgmao@hamlmlls Doorﬂ'h?e gipat chef{Nal s Co., St.

e PheA I ‘Kftfi;iﬁ?'ﬁgﬁi%d PO ARL S AERIRIL AR et Rof e o8¢ 50
(1->1') - 115 gfllél%ng@taln ardibquymvmm@gpm@es,b 4egrof Sr{4refce
oxi dase (570 U”'1‘O%§é1 -Octah %-Swg?h'e@Wn@éthbX )%ar@@nylﬁ%mé]l?Hzﬁﬁld&[Q 1-

After 300 m n of ct.ion serv

ol
mass- bal ance wad thiazepine- cg%oxyllc ?‘FidsWﬁﬁ Ipr%R,aJ?g ﬂé%lé’ﬁ H’@sl’k? oMy ) the
i nput of Nerr]-[N
[ (Phenyl met hoxy) car bonyl ] - L- honocystei nyl]-L-lysine, (1->1")-disul fide was
I ncreased to 5 g/L. Using standard bi oconversion conditions, the yield of

[ 4S- 20 Example 7a
Preparation of [4S~(4a, 73, 10ap)]1-Octahydro-5-oxo-4-[(phenylmethoxy)

carbonyl]lamino]-7H-pyrido-[2,-1-b]

[1,3]thiazepine-7-carboxylic acid, from N?-

[N-[(Phenylmethoxy)carbonyl]-L-homocysteinyl]-L-lysine,
25 (1->1")-disulfide

Reaction in the absence of glutamate oxidase:
The process described is the conversion of N*-[N-
[(Phenylmethoxy)carbonyl]]-L-homocysteinyl]-L-lysine, (1->1')-disulfide to [4S-
30 (4a, 70, 10ap)]1-Octahydro-5-oxo-4-[(phenylmethoxy) carbonyl]amino]-7H-
pyrido-[2,1-b][1,3]thiapezine-7-carboxylic acid by oxidative deamination using
cloned transaminase from Spingomonas pancimobilis (previously identified as
Pseudomonas sp) SC16113 expressed in E. coli GI724[pAL781-LAT]
SC16240. The reaction requires a-ketogiutarate, as the amine acceptor.
35 DTT is used to reduce the dimer N2[N-[(Phenylmethoxy)carbonyl]-L-
homocysteinyl]-L-lysine, (1->1')-disulfide to monomer.
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(4a, 7[err], 1 Oa[err])]1 -Cctahydro-5-o0x0-4-[(phenyl net hoxy)
car bonyl ] ami no-7H 25 pyrido-[2,1 -b][1, 3]thiazepi ne-7-carboxylic acid,
was obser veWOW1#85>700 The preparative scal RETSRIPNSISH C

conversi on of

[ (Phenyl met hox%’car Eté@#‘? fq_r 202rr§c3t/qsr} einyl]-L-l1ysine, (1->1")-disulfi de (5

g/ L) to [4S (4[lerr] . TZlerr]

10a[err])] Mé%ﬁg,hydro 5- 0X0- 4- [(pgguwemat hoxy)Mgpr\,Qonyl ]l\%diﬁ]
HFpyrido=2t1 31 thrazeproe=7-carboxytic-aci d, was

conduct ed 9 2.5 L vol ume u§8#é)9't15ar?§am Ld1fr om2RR 9col | and

gl ut amat e gtxp(g'@gﬁ_,téfa(@@ Sl gma Chenggmhg Co. The63 ogut of 191 r]-IN

[(Phenyl metha ar, bon - L honocyst ei nyl | -di sul fi de was
12. 2 gtphﬂég%é %I bi oconé@r@? on condlé&ﬁo é [4S- (4[err],

7a ﬂﬁa[(ﬂhlre]tb] 1 - Cct ahydr oSkgnexo- 4- [(ph’EBMeret hoY;QSg

carbonyl ] a 7/Hpyrido-[2, 1- b][1, 3] zepi neal- carboxylic acid,

was prepargdlq lH‘Ie yield was 11 l\/P):ISher HK §A secgﬁ'& %repar‘ ative

scal e enzyKit,PO,conversion of N[ eFishef N- 136.14

[ (Phenyl meghepay) car bonyl | - L- honoe nyl]-L-I pe, -disulfide (5

g/L) 10 taq 4S-(4a, 7a, 10aferr Cct ahydr o- -oxo 4 phenyl met hoxy)

carbonyl ] a ZQ 7H pyrido-[2,1 b]i@"ﬁﬁthl azepiWé&t2- carb84WI ¢ acid, was

conduct ed TrﬂcHIoi:oa(:@tubJ%IdJ(SlT(Dﬂ tr as@mg nase from4 E. col go@psl gl utamate

omdasefr&sﬁ_lgma Chem cal s~ Co éﬁlnput of -[N
[ (Phenyl met¥@oXY) car bonyl | - L- hom)c'§§§nyl] L-19sine, (1->1 ')-disulfide was

15 22.2 gAcétﬂnutglestandard bi oconVARi on condi41.0Bhs, 1454 g of [4S-(4[err],
T[err], 8%%5 H] 1 - Cct ahydr o- 5- oxo0- 4- [(phenyl )é

car bonyl ]a do- 1- b] [ 1, 3]t hi azepi ne-7-carboxylic acid,

was prepar EdCO ﬁé7§24 /ki-KﬁdsLBﬂ Mo 20 Exanple 7a Cell Exaebaration of
[4S- (4] err] Sd{@ltfd 1 Oa[err])]1 -Cctahydro-5-0xo0-4-[(phenyl net hoxy)

carbonyl ] do-[2,-1 -b 1 ,3]thi azepine-7-carboxylic
acid, fro '] delOFP%/GFCL fgphpn\/l_rrl\f hoxy) er hnn!;l ] P41 Y

-L- hom)cystel nyl]-L-1 yS| ne 25 (1->1')- di sul fide Reaction in the
absence of gl Ll._r,amate o>t(a[;lase: The process described is the

conversi on of :
[ (Phenyl neﬁhoxy)car bonyl ]]-L-honocysteinyl]-L-l1ysine, (1->1")-disulfide to

S ony ) 22U AR SRR T
by oxi dative igainted & .m@reac or,25L 0 hosphate buffer pH 7.8 contammg 10
mM EDTA to the bioreactor. The reaction misture was agitated at 200 rpm.
Gradually increase the pH of the above solution to 12.0 by slow addition of 5N
10  NaOH, while stirring the solution at room temperature. Maintained the pH at
12.0 with the addition of 5N NaOH, until all solid was dissolved. The pH was
readjusted to 7.8 with slow addition of conc. H;PO,. The temperature of the
reaction mixture was maintained at 30°C with a water bath. To the reaction
mixture, 6.75 g of DTT, 195 g of a-ketoglutarate, disodium salt and 100 mg of
15  pyridoxal phosphate were added. Additional 1.4 L of 100 mM phosphate
buffer, pH 7.8 containing 10 mM EDTA was added to the reaction mixture.
The reaction was started by the addition of 100 mL of cell-extracts of
transaminase [aminotransferase (1 unit/mL activity) from Escherichia coli].
The pH was maintained at 7.8 with the addition of 5N NaOH. Periodically
20 samples of 1mL were removed and quenched with 0.1mL of trichloroacetic
acid and 0.9 mL of acetonitrile. The sample was allowed to stand at room
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cl oned transam nase from Spi ngononas pancinmobilis (previously identified as
Pseudononas &@)ooR4dss6113 expressed in E. coli G 724[ pAL781- LA§{rris09/199 4
SC16240. The reaction requires errle ket ogl utarate, as the am ne accépto

35 DIT i s usetemperatdiector e themiterag ans-grabyzed pybEPh&ip measemthe- |-

hormcyst einyl]- 1 Imeth

'anlndiﬁkréﬁ [4$-£kg§l 2& fba‘ﬁ)]? g@%ﬁﬁﬁrﬁmg/a[gp%enykme oxy)
Sour ce w@arb%yllamlm\%ﬂﬂtphﬂéﬂyﬁ "3 lazeplne- -carboxylic ggids ethy. 29
794. 11 22. 2 egtergolrhb@9Afferbaicrs of reaction time&i @6Y. of TCA solutioh3(100% v/v)
éigi ﬁi gt hziﬂt FX%Ja ac%e)cp ﬁ‘) tehege ﬁré)r% Hhinate thg fngyxwa%'c reectt%]h %%%&n
Fi sher 1 Was2mixed fotﬂS]mgnutéﬁ—lZnﬁMet stand at room temperature ﬁrs’?nhmurs To

136. 14 16. 1 _ '
3.65 g PNBF ti% r&&ton, 5 L of acetonltrge was added shd ¥ 9To§mt of pro%@%t formed

Trichl oroacet i ¢ was thepTttzinediynen HPL qqantlatlon of agpaliquot. NaOH

Fi sher 40 Acetonitrile VR 41. 05 5
L Transm nase from 200 Units E
coli G 724]PALXdeldsaT] Cel | Extract (SCL
6240) Water, deionized 4.5 L

Process Detail 5 of _
N err]-[N-[( Pheﬁ;?rnﬁe'mo&y)'e%kgbonyl ] - CORRMBE fst SPRPPYE | RIMpRUNE 511y .
di sul fide into ®ubstlatd¥ oreactor, 2.5 L of phosphate buff evielpH 7.8

containing 10 nivi EDTAGI@ the bi or ctor Th reactionM“g) sture was
agitated at 200 rpm dual Iy | rease the H of the af)ove sol ution
to 12.0 by slow addition of2&N 10 NeAGH, while $t2rring the sol ution at
room tenperature. Mintained the pH at 12.0 with the addition of 5N
NaCH, until all solid was dissolved. The pH was readjusted to 7.8 with
sl ow addition of conc. H3P(J err]. The tenperature of the reaction

m xture was nai Evalogtiontof Piferent Compurtdsbas Subbtratedor Feansaminase
m xture, 6@ g of DTT, 195 g of [err]-ketoglutarate, disodiumsalt and 100

ng of
Two new dipeptides N-[N-[(Phenylmethoxy)carbonyl]-L-methionyl}-L-

lysine (9) and N<2-[S-Acetyl-N-[(phenylmethoxy)carbonyl}-L-homocysteinyi]-
L-lysine (10) were evaluated as substrates for dipeptide aminotransferase by
cell-free extracts of Spongomonas paucimobilis ATCC 202027 in the

20 presence of a-ketoglutarate. Glutamate oxidase was not used. As no
product markers were available, the formation of new compounds from the
enzymatic reaction were investigated by LC-MS. In case of (9) the data
indicates the formation of a new compound with mol wt. of 392, the
compound was assigned the tentative structure 1. The €-NH, group of (9)

25 was oxidized and in the presence of TCA the aldehyde cyclized to the
enamide with loss of water.
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15 pyridoxal phosphate were added. Additional 1.4 L of 100 mM phosphate
buffer, pH 7.8 containing 10 mM EDTA was added to the reaction m xture.
The reactiggo fﬁzgstarted by the addition of 100 nL of cell-extracts of
transani na F@ otransferase (1 unit/ml activity) from EsEREUSEHINR6Lol i .
The pH was mai nt ai neg at (79& with the adddti ogOgfi 5N NaO-l Per iddi c@Pity 20
oa etic

chI
S aIIo d to t' rpom
Mtenﬁllt d Bind _gpal zed HLCto
measure the 4S- (4f err

7[err]q lOaf-e-H‘])]
1- Cct ahydr o- 5- oxp- 4- [ ( phejnyl met hoxy)
car bonyl ] am no] -§& phri do ,1-b][1, C:ﬁ\t\hl azepi 7-car boxylsl\c aci d, nethyl

aci d and 0.9 GsEHN,
- 52 -

ester forned. After 6 hour reaction.t rre 0.6 L of TCA soI utlon gloo%
v/v) 5 was added to thhe reactor to t%ﬁ?ﬁge éoi enzymatl c ra¥ 92rhe
sol uti on was m xed for 15 m nute ﬁdv? and at roomte rature
for 3 hours. To the reaction, 5 L of acetonltrlle was added and t he
anount of product forned was then obt ai ned by an HPLC quanti ation of
an aliquot. 10 Yields ound B
Conpouﬂd B sub¥Yhepn £10) was trggteg with cel{ Prge extracts anJrp (?(eto gﬁ]tara errp Yield:
(9)9 5 (Qéveral new dcﬂhponentsweré bb&erved by LC-MS. The compo@éhtavith mol

4

Substrate fthﬂ?é}lédYﬁ%?t%\“égﬁ%d structure& %t"lngg'ﬁ%h?é% rtﬁ?g't Qg Oﬁp'ds =

kjt [2 M[ [S ( /F;E: ?yE @i?))¢~a=r23csmbletw-mgphewnmleihdxy)carbonylysmmnascgastanyil] IL i
(70 wer o evhieti afd SUBSTRICH SEhGARBRYD bioa AR RLT, Blikbide. the 'Y
cel | -free extomposeot withangjomo 398 wmmonoaed as sz:@talzmwﬁaa[s-ﬁseéd}
presencedf g ﬁﬁ&g}lme% errgngﬁm %vs@é}ﬁﬁ]?‘ pagsine! mqﬁeséé éthe

t om at

product mar ker wer'e av ew cQ

enzymatic r eh’cﬁ%‘@nAﬁéﬁ’/& 31"@5 Qcyste! ank-’é)ls"i‘%@“
indicates t h@/afscthéﬁtdxid‘izéﬂ b@thirenn@pﬁ@wms 4 d. Vol 0aph}1 -Ottab9aro-6huxo-4-

e L e e T e

enam de wit hca[bm(ybd: amait. aal wt. of 378, as shown in the scheme below.

15
CO,H g COZH
CbzHN i, = CbZHN/,, CbZHN/,,
/P cell extracts
Mol Wt. 438.5 Mol Wt. 4205
not observed in MS 2
cell extracts/pH 8.0
CORH co
CbzHNy, A CbzHNy, %
cell extracts
CbZHN 0 CO,H
3 Des acetyl Mol. Wt. 396, Mol. Wt. 378
Mol Wt. 397 not observed in MS 4
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- 53- [err] When (10) was treated with

cel | -free ewéebg,tl@mgnd [err]-keto-glutarate, 5 several ne\é\‘,@ﬁ{}mﬂ%&s
wer e observed by LC-Ms. The conponent with nol wt. 420.5 was assigned
structure 2, fornmed by the oxidation of the [err]-NH2 group of (3)

N<2-[ S- Acetyl - ggEVﬁﬂHtWBPNWIg%ﬁLP@gB%ﬂR]Féﬂa D sisggﬂslt; 2 for lysine

and subsequent ' e cyc enam

gdratlon.to pr .
conponent wi t h ¥BNSAMINAYE: as proposed as Des-acetyl (3) N<2-[S-Acetyl- 10

N[ (phenyl met hox rbonyl ] - L- honocyst ei nyl ] -L-1ysine. The Deg-acetyl (3)
I

N<2-[ S- Acet yl - ) fefhoxy) caghonyl | - L- honocystei nyl | - k- rneNand
was then oxidize the ensyne/to - rr], 7a. 1 Oa([)err])lN

- Cct ahydr o- 5- oxo0- 4- (phenyl néh:émg_ \[;fgraEJ. _ _
car bonyl ] am no] - 7H pyri do*f X, 1-b] [ 1, 3] t hi azepi nea G boxy| i 2|_a|C| d,

mol wt. of 378, as shown in NHe sch8Hg bel ow. 15
HOzc 6
5

arl] AN

Reaction conditions: The substrate 5, (conc. 5mg/mL), namely the
phenylacetyl analog, was incubated with recombinant transaminase in
phosphate buffer, pH 8 containing 5 mM DTT, 1mM Pyridoxal phosphate.
10  The reaction was carried out in the absence of glutamate oxidase with 40
mg/mL a-ketoglutarate at 38°C. After 4H, the reaction was terminated with
10% TCA and 90% Acetonitrite. The product was identified as (6) [4S-
4R*,7R*,10aR")]-2,3,4,5,8,9,10,10a-Octahydro-4-[(phenylacetyl)amino]-7H-
pyrido-{2,1-b][1,3]thiazepine-7-carboxylic acid, with a yield of 70%.

15
(4) Evaluation of N-Phenoxyacetyl analog (7) as a substrate for
transaminase:
0 s
Q/O\/ILHN SH é ?
Aminotransferase O N
> o)
© \)LHN COH
NH . NH, Q/ 0 %
7 HOZC><_—/——/ o
20

The substrate, N*[N-[(Phenoxyacetyl)carbonyl]-L-homocysteinyl}-L-
lysine, (1->1')-disulfide, compound 7, which is an analog of N%[N-
[(Phenylmethoxy)carbonyl]-L-homocysteinyl]-L-lysine, (1->1')-disulfide
(Phenoxyacetyl was used in place of Cbz ) was incubated with recombinant
25 transaminase in the presence of DTT and a-ketoglutarate (the amino
acceptor). After 6 hours of incubation, a new peak at 17.03 min. was
observed. The new peak was identified as the product 8, [4S-
(4R*7R*,10aR")}-2,3,4,5,8,9,10,10a-Octahydro-4-[(phenylacetyl)Jamino)-7H-
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ﬁg igg- [qu'ﬁg'[‘f BEH%g?égs 785%%55(2! cﬁ%éd éﬁ&’?ﬁg%@gl%tﬁ%}snea#ﬁgﬁcy the

@nalysﬁ and tencanfagned withsnrauthamiegiandarhl  phosphate. 10

Eogl utarate ét? 38! err]C. After 4H the reaction was
90% Acetonitrile. The product was

T6)refidée the costéb?’prﬁ'dﬁcnﬂg GedRehkyrRes, theGrahsanifation reactions

ff%??ﬁ? (i the Molhed b aiytamate oxjdase and highgr lavelsgf o- o

toghitatateo Xistoscally, ﬂmremtn(mylej@ 1ratl’gmtssef@ee)ffgdmamate
oxidase averaged 33 M%. At 40 mg/mL of a-keto-glutarate (a 10X increase
in concentration in the absence of glutamate oxidase in reaction mixture), at
40 °C, the reaction yield increased to 70 M%.

Replacement of DTT:

We have discovered that DTT can be used to cleave the disulfide bond of N*
[N- [(Phenylmethoxy)carbonyl] -L- -homocysteinyl]-L-lysine, (1->1")-disulfide to
produce the dlpeptlde monomer, whrch is the substrate for the tranaminase.
It was observed, that tnbutylpho_sphm_e was as e_ffectw_e as DTT for the
dipeptide dimer to monomer conversion.  In the presence of 10 mM
tri-n-butylphosphine, 3.5 mg/mL of N2-[N-[(Phehylméthoxy)carbonyl]—L-
homocysteinyl]-L- lysine, (1->1')-disulfide, 40 mg/mL a-ketoglutarate and 0.1
units of transaminase, 69 M% [[4S-(4a, 7, 10aB)]1-Octahydro-5-oxo-4-
[(phenylmethoxy) carbonyl]ammo]-?H pyrido-[2,1-b][1,3]thiazepine-7-
carboxylic acid, was obtained.

3. Reduction of TCA: To terminate the transaminase reaction, 10% v/v
TCA was used. After some optimization studies, the amount of TCA required
to terminate the reaction was reduced to 5% v/v without loss in yields of [4S-
(4a, 7a, 10aB)]1-Octahydro-5-oxo-4-[(phenylmethoxy) carbonyljamino}-7H-
pyrido-[2,1-b][1,3]thiazepine-7-carboxylic acid. It was also observed that
methane sulfonic acid or sulfuric acid, or hydrochloric acid or acetic acid or
phosphoric acid can be used in place of TCA.

-56 -
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[err] 20 : The substrate,

N2- [ N- [ ( Pherw®yeasdss! ) car bonyl ] - L- honocyst ei nyl ] - L- | ySi pP€rnus99/19964
(1->1")-disulfide, conpound 7, which is an analog of Nerr]-[N

[ (Phenyl et hoxyY\hatti® fj@aimad isonocyst ei nyl ] - L-1ysine, (1->1')-disul fide
(Phenoxyacetyl was used in place of Cbz ) was incubated with reconbi nant 25

transam nase in_ the presence of DIT and Jerr]-ketogl utara he am no

hccoptor) artof: & REGRSSdeT PIREARAY A MO {abiaERROuRY O e ot

observed. The new jdentified as the product 8, [4S-

(4R*, 7R*, 10aR*) ] - , 10J10a- Cct ahydr o- 4- [ (phenyl acetyl ) am no] - 7TH

- 55 - 2,1-b][1, 3]thiazepi ne-7-carboxylic acid and
anal ysis and later conforned with an authentic

based on the mass

st andar d. P4 ngl & ED@yHe Process: 5 To reduce the cost of producing
two enzynes,- the transam nation reactions were carried out in the
absence of & ut amat e oxi dase and hi gher |evels of a- ket ogul t ar at e.

Hi storically, toempdsigi on yield in the absence of glutamate oxi dase
averaged 33 Mo  Aitiatfin &beﬁ%@ﬁ*ﬁﬁbﬁ‘i&'dﬂﬁé%ﬁﬁ@ 10X i ncrease in
concentration in the absence of gl utamate oxi Jase in reaction mxture), at
10 40 [err]C, the reaction yield increased to 70 Mh Repl acenent of
DTT: W have di s@over&®Ht hat DTT can be used to cleave the disulfide

bond of N[err]-p1HN/,

[ N-[ (Phenyl met hoxy) ¢#f bo -honocysteinyl]-L-lysine, (1 ->1 ")-disulfide
dbnmer, which is the substrate for the

t was Served, that tributyl phosphine was as effective
as DIT for the 3 di peptfi de dinmer to nonomer conversion. In the presence
of 10 nM tri=mgputylp hine, 3.5 ng/nL of

N err]-[ N-[ (Phenyl net hoxy) car bonyl ] - L- honocyst ei nyl ] - L-1ysi ne,
(1->1")-disulfide, 40 nmg/nlL [err]-ketoglutarate and 0.1 20 units of
transam na 69 MA[[4S-(4a, 7a, l1lO0a[err])]1-Cctahydro-5-0xo-4-

[ (phenyl met hoxy) . car.banyl | am nol - 7H pyrido-[ 2, 1- 1, 3] thiazepjne: 7-
car boxyl i ¢ aci d‘),"’h n%ﬁt'ﬁ%ﬁ(ﬁﬂ““l’ protepc¥|§_g groxgp, aré%hﬁﬂ'ﬁ@:‘kyéf”?%&‘. fpgmula
term nate the tralysam nase reaction, 10%v/v 25 TCA was used. After sone
optim zation studgesR2t\WReri®RAGs 8lkyll CA required to termnate the
reaction was reduced to 5%v/v wthout loss in yields of [4S (4a, 7a,
10af[err])] 1- Cct ahydr o- 5- oxo- 4- [ (phenyl net hoxy) carbonyl]am no]-7H

with an aminotransferase enzyme in the presence of a-keto glutarate under

16  conditions suitable for formation of the compound of formula 1.

t ranam nase.

2. The process of Claim 1 carried out in the presence of a glutamate oxidase
enzyme.

20 3. The process of Claim 1 wherein R’ is hydrogen.
4. The process of Claim 1 wherein R'is alkyl.
5. The process of Claim 1 wherein R' is lower alkyl.

25
6. The process of Claim 1 wherein R’ is methyl.
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pyrido-[2,1-b][1 ,3]thiazepine-7-carboxylic acid. It was al so observed t hat
met hane sul fonic acid or sulfuric acid, or hydrochloric acid or acetic acid

or 30 pho¥YM¥146%ci d can be used in place of TCA PCT/US99/19964

-56 - What is Clained is: 1. A procegs for preparing
an am no | actam conpound of the formula [err] 5

conpri si ng 7. The pPOERG! o Tain 4ivitedreirdR" OSTAAB ForPhulh et @L-MAByherein
[err] 10 'gg,‘ereln Pl[err] is an am no protecting group, and
Rlerr]is H, aI@I'ScWe the fornul a [err], wherein Rlerr] is

al kyl |
8. The process of Claim 1 wherein P, is selected from the group consisting of
5 CBZ, phenoxyacetyl and phenylacetyl.

9. The process of Claim 1 wherein said aminotransferase has the sequence
of SEQ.ID.NO.:2 or has at least 80% identity to SEQ.ID.NO.:2..

10  10. The process of Claim 1 wherein said aminotransferase is produced in situ
by a microorganism.

11. The process of Claim 10 wherein said microorganism is Spingomonas sp.

or Pseudomonas sp.
15
12. The process of Claim 2 wherein said glutamate oxidase is produced in
situ by a microorganism.
13. The process of Claim 12 wherein said microorganism is Streptomyces sp.
20 ' :

14. The process of Claim 1 carried out at a temperature of about 25°C to
about 45°C for a time of about 1 hour to about 8 hours, and at a pH of about
6.0 to about 9.0.

25 15. The process of Claim 1 followed by the additional step of deprotectmg the
compound of formula 1.

16. The process of Claim 1 preceded by the the step of preparmg a dipeptide
monomer starting compound of the formula

30
C02H

A




with an am notransferase enzyme in the presence of [err]-keto glutarate

under 15w eumdhbés ons suitable for formation of the COWOU'%@TRTSQ/?%HP' a
. 2. The process of Claim1 carried out in the presence of a

gl ut amat e oxi dagemprising enzyne. 20 3. The process of Claim1l
wherein Rierr] 'c‘énwfnggﬁrﬁlpeptlde dimer®omgtunidl FARE Jorthuls! ai m 1 wherein
Rlerr] is alkyl. . The process of Claim1l wherein Rerr] is |ower
al kyl . 25 6. The process of Caiml wherein Rerr] is nethyl.

- 57 - 2 TheCPt ocess of aim 1 wherein Rlerr] is of the

formula [err] V\/rrqr-my, err] is nmethyl. 8. The process of
Claim1l wherein Plerffl i sel cted fromthe group consisting of 5 CBzZ,
phenoxyacetyl and phgnyl a ety). 9. The process of Claim1l wherein

sai d am notransferaSe has tfre sequence of SEQID.NO :2 or has at
| east 80%identitygto SEQ I 10. The process of Caim1l

wherein said am nof rans\‘* H§ produced in situ by a m croorgani sm
11. The process of CI ai m 10| wher ei A¥sai d m croorgani smis Spingonbnas sp.
or Pseudononas sp. N5 2. The process of Caim2 wherein said

gl utamat e oxi dase is procppced I n situ by a m croorgani sm

P4HN
CO,H

wherein P, is as defined above,
with a reducing agent under conditions suitable for formation of the compound
of formula Iil.

10  17. Anisolated DNA sequence encoding the aminotransferase of
SEQ.ID.NO.:2.

18. A DNA sequence having the sequence of SEQ.ID.NO.:1, its complement,
or a DNA sequence capable of hybridizing under stringnent conditions to the
15 sequence of of SEQ.ID.NQ.:1 or its complement.

19. A DNA sequence having the sequence of SEQ.ID.NO.:3, its complement,
or a DNA sequence capable of hybridizing under stringnent conditions to the
sequence of of SEQ.ID.NO.:3 or its complement.
20 :
20. An engineered host cell capable of expressing catalytically active
aminotransferase wherein said host cell contains recombinant nucleic acid
encoding said aminotransferase and said nucleic acid encodes the
aminotransferase of SEQ.ID.NO.:2 or an aminotransferase having at least
25 80% identity to SEQ.ID.NO.:2.

21. The engineered host cell of Claim 20 wherein said nucleic acid is the
DNA molecule of SEQ.ID.NO.:1 or a DNA molecule capable of hybridizing
under stringnent conditions to the DNA molecule of SEQ.ID.NO.:1.

-50-
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13. The process of G aim12 wherein said mcroorganismis Streptonyces sp.

20 .. The E)rocess of Claim1l carried out at a tenperature of about
25[err]C tow000/14 %bout 45[err]C for a tine of about 1 hour PEI/HBW(IPIG
hours, and at a pH of about 6.0 to about 9.0. 25 15. The process

of Claiml fol | owed b%/ the additional step of deprotecting the
cormpound of f oPAul g host cell of Gigim 29@’*}:5‘?’?)&55"% Claim 1 preceded by the

the step of preparing a dipeptide nononer starting compound of

E:ngrp]; io;irrﬂlga 3023 SFE’&?\?'QBP?‘?]Sagc’g?%é!ﬁAagcoéWcorrpound of the fo; mSJIBa-

[err] 5 wherein Plerr] is as defined above,
24. A compound of the formula

P1HN//XU\

10  wherein P, is an amino protecting group, and R'is H, alkyl or of the
O

/—\_> nIQ

formula —C~—R? , wherein R? s alkyl.

25. The compound of Claim 27 wherein P, is Phenylacetyl, Phenoxyacetyl or
Cbz and R' is H. )

15
26. N-[N-[(Phenyimethoxy)carbonyl]-Lmethionyl]-L-lysine.

27. N<2-[S-Acetyl-N-[(phenylmethoxy)carbonyl]-L-homocysteinyl]-L-lysine.

* c L M S *




with a éeducing agent under conditions suitable for formation of the
compoun wo ooffiadsormula 111, 10 17. An isol ated DNA se
encodi ng the am notransferase of 17 BEQ ID. NO:2. QE%%.SWES@\IA
sequence having the sequence of SEQID.NO :1, its conpl enent, or a
DNA sequence capabl e of hybridi zi ng under stringnent conditions to the 15
sequence of of SEQID.NO :1 or its conplement. 19. A DNA sequence
havi ng the sequence of SEQ ID.NO :3, its conplenent, or a DNA
sequence capabl e of hybridizing under stringnent conditions to the
sequence %%%2¥ SEQID.NO :3 or its conplenﬁﬂ&%l 20 20. An
g
B

engi neer e e &Pl lac6antabte pfc €xPGEFSTARICEALEE WGT CRAT! TGACET €66 6TC CGA GGC
am not r anshedr e&re i hrethei prosksudmétosto vl | tyromt gs avecasphyalaAta AT IVl Argco by
ﬁ C
IRYS

encodi ng s SdzggH e i u i n
e v onctly S SECHEERCT T YR LR e e e
S s A e 600 B ce s RGOS e o
aim [ C MLt
SEQ | D. NO %}@/é?l_ Q_SWU ue%?}l B%‘%é?g%mlé Ryi© %éﬁl&li i ngiﬁ'D @ algasp gln ala
st ri ngnent gggoRcH CTOMIGL CATt AEC DINAARDICTCUTAE B6C SER ACD. NG, 636 GAG GAA TTT G6CG CAG
- 59 - ala thr leu me2. hiphblengek ageleuotyn %fggmr\%l%g!ysgé! gdg|Rne ala gin
23. Spi ngop8E; paeciarobic her ﬁﬁgg%@%g G TIC T'rl'%AfACCAAFDWD@lGBU o efesee

fornmul a

lys leu val asp asn ser asp val phe phe thr asn ser gly ala

668/101 698/111

GTC GAG TGC GCG ATC AAG ACC GCG CGC CGC TAT CAT TAT GCC AAT 666 CAA GCG CAC CGG
;gé/?%g cys ala ile lys thr ala arg arg §¥5/?%? tyr ala asn gly gln ala his arg
CAC AAG ATC ATC AGC TTC GAC AAC GCC TTC CAC GGC CGC ACG CTG GGC ACC ATT TCG 6CG
9%3/%%? ile ile ser phe asp asn ala phe gi%/%%% arg thr leu gly thr ile ser ala
ACC AGC CAG CCC AAG ATG CGC GAC GGG TTC GAG CCG CTG CTG CCC GGT TTC CAG GTC GTG
5251?%5 gln pro lys met arg asp gly phe g%g/g;g leu leu pro gly phe gln val val
CCC TTC AAC GAT CTC GAC GC6 GCG CTG GCC GCG ATC GAC GAC AAT ACC GCC GGT TIC CTG
pro phe asn asp leu asp ala ala leu ala ala ile asp asp asn thr ala gly phe leu
908/181 938/191

CTG GAA CCG GTG CAG GGT GAA GGC GGC GT6 ACC CCG GCA ACC CAG GCA TTC CTG GCC GGC
égg/ 6% pro val gln gly glu gly gly val Sgglgig ala thr gin ala phe leu ala gly
CTG CGC AAG GCG TGC GAC GAG CAG GGC CTG CTG CTG ATC CTG GAC GAG 6TG CAG TGC GGC
Teu arg lys ala cys asp glu gln gly leu leu ley ile leu asp glu val gln cys gly
1028/221 1058/231

TAT G6CC CGT ACC GGC ACC TTC TTC GCC CAT GAA CAA TAT GGC GTG ACG CCG GAC ATC ATG
tyr ala arg thr gly thr phe phe ala his ?lu gln tyr gly val thr pro asp ile met
1088/241 118/251

6C6 GTG GCC AAG GGC ATC 6GC 6C6 GGC TTC CCG CTC GGC GCC TGC CTC GCT ACC GAG GAT
ala val ala lys aly ile gly ala gly phe pro leu gly ala cys leu ala thr glu asp
1148/261 11787271

GC6 GCC AAG GGC ATG G6TG TTC GGC ACC CAT GGT TCC ACC TAT 66C 66C AAC CCG CTC GCC
ala ala lys aly met val phe gly thr his ?ly ser thr tyr gly gly asn pro leu ala
1208/281 . 238/291

ATG GCG GTG 6GC ATC GC6 GTG CTG GAA GAG GTG CTG GCG GAC GGG TTC CTG GAG CAG GTA
met ala val gly ile ala val leu glu glu val leu ala asp gly phe leu glu gln val
1268/301 1298/311

ACG CAT GGG TGC CGT CTG C6C TCT GCG CTG GAG CAG ATG ATC CCG AAC CAT GAC GAC ATG
thr his gly cys arg leu arg ser ala leu %lu gln met ile pro asn his asp asp met
1328/321 358/331

TTC GAG GAT GTG CGC G6GC ATG GGG CTG ATG CTG GGC GTC AAG ATG AAG GAC GCC TAT GAC
phe glu asp val arg gly met gly leu met leu gly val lys met lys asp ala tyr asp
1388/341 1418/351

6C6 CGT GCC TTT GTC GGC CAT CTG CGC GAC CAA CAT 6GG TTC CTG TCG GTA TCG GCG6 GGC
ala arg ala phe val gly his leu arg asp %ln his gly phe leu ser val ser ala gly
1448/361 478/371

CAG AAT GT6 CTG CG6C ATC CTG CCG CCG CTC GTC ATC GAC GAA AGC CAT ATC GCC GAG T6C
gln asn val leu arg ile leu pro pro leu val ile asp glu ser his ile ala glu cys
1508/381 1538/391

ATC GAG AAG ATT TCC GCC 6GC 6CG CGG AGC TTC GCG GAC GCC AAG GCG GCC TGA

ile glu lys ile ser ala gly ala arg ser phe ala asp ala lys ala ala OPA

FIG. 1
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[err] 10 wherein P[FE'PU\CE'WHTI \ﬁiﬁfﬁo protecting group, and Rlerr]is H, 1S
al kyl or of the J-ormul-a-{-erm wherein R err] is alkyl. 25. The

conmpound of C aim p7 V\/g_e;ebn g{qﬁfr s Phenyl acetyl, Phenoxyacetyl or
Cbz and Rlerr] is 15 ° 267°°

N-[ N-[ (Phenyl net ho 'y) sarbonytt=tmet hijonyl ] - L- | ysi ne. & :
N<2-[S-Acetyl - N-[( ;rhenyl nmet hoxy) car bd @ﬁ ]- LWOOI

60 -

reaction mixture was then centrifuged to remove precipitated proteins at 4 °C
at 13000 rpm for 1 hr. The aqueous/organic supernate was used for isolation
of product [4S-(41, 71, 10aJ)]1-Octahydro-5-oxo-4-[(phenylmethoxy)
carbonyl]lamino]-7H-pyrido-[2,1-b][1,3]thiazepine-7-carboxylic acid. About

5 40M% vield of product was obtained.

Example §

Cloning and Expression of Aminotransferase from Spingomonas
10 paucimobilis ATCC 202027 in to Escherichia coli:

Amplification of a PCR fragment corresponding to the Spingomonas
paucimobilis ATCC 202027 aminotransferase gene

15 The lysine aminotransferase protein (LAT) was found to convert N>
[N-[(Phenylmethoxy)carbonyi]-L-homocysteinyl]-L-lysine, (1->1")-disulfide to
(6). The lysine aminotransferase protein (LAT) was purified from
Spingomonas paucimobilis ATCC 202027 and its amino terminal and internal
peptide sequences were determined. A mixed oligonucleotide based on the

20 amino terminal sequence was synthesized taking into consideration the high
G+C content of the Spingomonas paucimobilis ATCC 202027 genome.

lle Thr Pro Leu Met Pro Val Tyr
ATC/T ACC/G CCG CMTG ATG CCG GTC/IG TAT
The DNA sequence is SEQ.ID.NO.:3and the amino acid sequence is
SEQ.ID.NO.:4

25

The downstream (antisense) primer based on a conserved amino

acid sequence found in other aminotransferases was (Tyr-Gly-Asn-Pro-Leu-
Ala){(SEQ.ID.NO.:5 ), with a corresponding oligomer of GCG/C AGC/G GGG
TTCI/G CCC/G CC (antisense) (SEQ.ID.NO.:8). A PCR reaction using Tth

30 polymerase was performed to obtain a 850 base pair (bp) fragment. This
fragment was isolated and cloned into plasmid vector pCRII. The presence of
the insert was verified using PCR and restriction digests, and the sequence of
the insert was determined using an ALFexpress automated DNA sequencer.
This sequence demonstrated strong homology to bacterial aminotransferases

35 found in GenBank database. An internal peptide sequence of 19 amino acids



